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CHAPTER   I 
SCIENCE  AT  THE  BEGINNING  OP  THE  CENTURY 


Not  many  inontbs  ago  word  came  out  of  Germany  of 
a  scientific  discovery  that  startleil  the  world.  It  came 
lirKt  as  a  runior,  little  credited;  then  as  a  pmiioimceil 
report;  at  last  as  a  demonstration.     It  tohi   of  a  ne\ir^_ 

imanifes^tation  of  energy,  in  virtue  of  wliirii  the  interiofl^ 
of  opaque  objects  is  made  visible  to  human  eyes.    One 
had  only  to  look  into  a  tube  containing  a  screen  of  a  cer- 
tain comjwsition^iind  dii'ect^^d  towards  a  pi'tualiar  electri- 
cal AppamttiB,  to  acquire  clairvoyant  vision  moi'e  n'ou^i^f 
dorfid  than  the  discredited  second  sight  of  the  medium.  " 
Coins  witfjin  a  purse,  nails  driven  into  wootl,  spectacles 
within  a  leather  ciise,  became  clearly  visilde  when  sul> 
wtt>d  tr»  the  influence  of  this  mapc  tube;  and  \x\mn  a^ 
lunian  ban*!  was  held  before  the  tul:>ejts  bones  stood  nv^ 
vwded  in  woird  simplicity,  as  if  the  living,  palpitating  flesh  ^ 
ilmnt  them  were  but  the  shadowy  substance  of  a  ghost»^| 
Not  rmly  could  the  human  eye  see  these  astoiinding^l 
relations,   l*ut   the   iHiiinrtial   evidence   of    inanimate 
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chemicals  could  be  brought  forward  to  prove  that  the 
mind  harbored  no  illusion.  The  photographic  film  re- 
corded the  things  that  the  eye  might  see,  and  ghostly 
pictures  galore  soon  gave  a  quietus  to  the  doubts  of  the 
most  sceptical.  Within  a  month  of  the  announcement 
of  Professor  Kontgen's  experiments  comment  upon  the 
"  X  ray  "  and  the  **  new  photography  "  had  become  a 
part  of  the  current  gossip  of  all  Christendom. 

It  was  but  natural  that  thoughtful  minds  should  have 
associated  this  discovery  of  our  boasted  latter-day  epoch 
with  another  discovery  that  was  made  in  the  earliest  in- 
fancy of  our  century.  In  the  year  1801  Mr.  Thomas 
Wedgwood,  of  the  world -renowned  family  of  potters, 
and  Humphry  Davy,  the  youthful  but  already  famous 
chemist,  made  experiments  which  showed  that  it  was 
possible  to  secure  the  imprint  of  a  translucent  body 
upon  acliemically  prepared  plate  by  exposure  to  sunlight. 
In  this  way  translucent  pictures  were  copied,  and  skela 
tal  imprints  were  secured  of  such  objects  as  leaves  and 
the  wings  of  insects — imprints  strikingly  similar  to  the 
"shadowgraphs"  of  more  opaque  objects  which  we  se- 
cure by  means  of  the  "  new  photography''  to-day.  But 
tliese  experimenters  little  dreamed  of  the  real  signifi- 
cance of  their  observations.  It  was  forty  3'ears  before 
practical  photography,  which  these  observations  fore- 
shadowed, was  developed  and  made  of  any  use  outside 
the  laboratory. 

It  seems  strange  enough  now  that  imaginative  men — 
and  Davy  surely  was  such  a  man — should  have  paused 
on  the  very  brink  of  so  great  a  discovery.  But  to  harbor 
that  thought  is  to  misjudge  the  nature  of  the  human 
mind.  Things  that  have  once  been  done  seem  easy; 
things  that  have  not  been  done  are  difficult,  though  they 
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lie  but  a  hair*s* breadth  off  the  beaten  track.  Who  can 
today  foretell  what  revelations  may  be  made,  what  use- 
ful arts  develoii^d,  forty  years  hence  through  the  agency 
of  what  we  now  call  the  new  photography  ? 

It  is  HO  part  of  ray  purpose,  however,  to  attempt  the 
impossible  feat  of  casting  a  horoscope  for  the  new  pho- 
i<»grapljy.  My  present  theme  is  reminiscent,  not  pro 
phetic.  I  wish  to  recall  what  knowledge  of  the  sciences 
men  had  in  the  days  when  that  discovery  of  Wedgwood 
and  Davy  was  made,  almost  a  hundred  years  ago ;  to 
iiKptire  what  was  the  scieu title  horizon  of  a  person 
standing  at  the  threshold  of  our  own  century.  Let  us 
glance  briefly  at  each  main  department  of  the  science  of 
Jliat  timctthat  we  may  know  nldther  men*s  minds  were 
trending  in  those  closing  diiys  of  the  eighteenth  century, 
and  what  were  the  chief  scientific  legacies  of  that  cen- 
tury to  its  successor. 


II 
In  the  field  of  astronomy  the  central  figure  during 
this  closing  eixx'h  of  the  eighteenth  century  is  William 
Ilerschei,  the  Hanoverian,  whom  England  has  made 
h^.'TB  by  adoption.  He  is  a  man  with  a  positive  genius 
for  sidereal  discovery.  At  first  a  mere  amateur  in  as- 
tronomy, he  snatches  time  from  his  duties  a^  music- 
tejijchor  to  grind  him  a  telescopic  mirror,  and  begins  gaz- 
ing at  tijo  stars.  Not  content  with  his  fi i-st  telesco|>e, 
ho  makes  another,  and  another,  and  he  has  such  genius 
for  the  work  that  he  soon  |H:rssesses  a  better  instrument 
than  was  ever  made  tjefore.  Mis  patience  in  grinding 
the  cur  veil  i*eflective  surface  is  monumental.  Some- 
times for  sixteen  hours  together  he  must  walk  steadily 
about  the  mirror,  iKjlishing  it,  without  once  removing 
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is  hands.    Meantime  his  sister,  always  his  chief  lieutei: 
nt,  cheers  him  with  her  presence,  and  from  time  to  tim 
Hits  food  into  his  mouth.    The  tele5co|>e  complotedt  th 
stronomer  turns  night  into  day»and  from  sunset  to  sur 
ise,  year  in  and  year  out,  swee]T8  the  heavens  unceas 
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ingly,  uekss  prevented  by  clouds  or  the  brightness  of 
tbe  moon.  His  sister  isits  ahvavs  at  his  side,  reconling^ 
ills  observations.  They  are  in  tbe  open  air,  perched 
hiirh  at  tlie  mouth  of  the  reflector,  and  sometimes  it  is 
so  cold  that  tbe  ink  freezes  in  the  bottle  in  Carnlirie 
[er-^bers  band  j  but  the  two  entbusiusts  hardly  notice 
thinj^  so  commonplace  ns  terrestrial  weather.  Tliey 
arc  living  in  distant  worlds. 

The  results  i  Wb;it  could  tbey  be  ?  Such  enthusiasm 
Would  move  mountains.  But,  after  all,  the  moving  of 
mountains  seems  a  Liliimtian  task  compared  with  what 
Ilersebel  really  does  witli  those  wonderful  telescopes. 
He  moves  worlds  stars,  a  univer-so— even,  if  you  [jlease, 
a  galaxy  of  universes ;  at  letist  he  proves  tluit  they 
nir>ve,  which  Ji^eems  sciircely  less  wonderfid  ;  and  he 
ex|iiinds  tbe  coBmos,  as  man  conceives  it,  to  thousands 
of  times  tbe  dimenKioug  it  ha<l  before.  Asa  mere  be- 
ginning, he  donble-s  tbe  diameter  of  the  f;olar  system 
by  oljserving  the  great  outlying  planet  which  we  now 
call  lh-:inus,  hut  whicli  he  christens  Georgium  Sid  us, 
in  honor  of  his  sovereign,  aiid  which  his  French  con* 
temporaries,  not  relishing  that  name,  prefer  to  call 
Ui'rschel. 
This  discfivery  is  but  a  trifle  compared  with  what  Her- 
jbcl  dLies  later  on,  but  it  gives  bim  wor)d*wi«le  reputa- 
lini  n*»n^^  the  lesss.  C'fimets  and  moons  aside,  this  is  the 
fii^t  addition  to  tbe  solar  system  that  has  l)een  made 
within  historio  times,  and  it  creates  a  veritable  furor  of 
popular  interest  and  enthusiasm.  Tncidentally  King 
(icorge  is  flattere<l  at  having  a  world  named  after  him, 
ami  he  sndlo^  on  the  astronomer,  and  comes  with  bis 
court  to  have  a  look  at  his  namesake.  The  inspection 
18  highly  satisfactory;   and  presently  tbe  royal  favor 
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enables  the  astronomer  to  escape  the  thraldom  of  tetich^ 
ing  music,  and  to  devote  hm  entire  time  to  the  more  con- 
genial task  of  stargazing. 

Thu^  relieved  from  the  burden  of  mundane  einharrass- 
mehts^  he  turns  with  fresh  enthusiasm  to  the  skies,  and 
Ills  discoveries  follow  one  another  in  bewiklenng  profu- 
sion. He  finds  various  bitijerto  unseen  luoon^  of  our 
sister  planets;,  he  makes  sjiecial  studies  of  Sutum^  and 
proves  that  this  planet,  with  its  ringSj  revolves  on  its 
axis ;  he  scans  the  spots  on  the  suu»  and  suggests  that 
they  influence  the  weather  of  our  earth  ;  in  short,  he 
extends  the  entire  field  of  solar  astronomy.  But  very 
soon  tills  field  becomes  too  small  for  him,  and  bis  mosl 
iiiij>ortant  researches  cJirry  him  out  into  the  regions  of 
s|mc6  compared  with  which  the  span  of  our  solar  system 
is  a  mere  point.  With  his  perfected  telesco[ies  he  enters 
abysmal  vistas  which  no  hutnan  oye  ever  jwnetrated  be- 
fore^ which  no  human  eye  had  hitherto  more  tlian  vague- 
ly imagined.  He  tells  us  that  his  forty-f(^>t  relk'ctor 
will  bring  him  light  from  a  distance  of  '*  at  least  eleven 
&m\  three- fourths  millions  of  millions  of  ni  ill  ions  of 
miles''— light  which  left  its  source  two  million  years 
ago.  The  smallest  stars  visible  to  the  unaitled  eye  are 
those  of  the  sixth  niiignitude  ;  this  telescope^  be  thinks, 
has  pjwer  to  reveal  stars  of  the  1342d  magnitude. 

But  whul  does  Herschel  leurn  regarding  these  aw  fid 
depths  of  space  and  the  stars  that  people  tliem  ?  That 
is  what  the  world  wishes  to  know,  Copernicus,  Galileo, 
Kepler,  have  given  us  a  solar  system,  but  the  stars  have 
been  a  mystery.  What  says  the  great  reflector— are  the 
stars  points  of  light, as  the  ancients  taught,  and  m  more 
than  one  philosopher  of  the  eighteenth  century  has  still 
contended,  or  are  they  suns,  as  others  hold  'i     Herschel 
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anstrers,  they  are  suns,  each  and  every  one  of  all  the 
millions— suns,  many  of  them,  larger  thnn  the  rmo  that 
IS  Ibe  centre  of  our  tiny  systum.  JS'ot  only  so,  but  they 
lire  movint^  suris.  Instead  of  being  Hxed  in  space^  as  ban 
i>een  tbout,4it^  they  are  whirHng  in  gigantic  orbits  about 
some  coniuion  centre.  Is  our  sun  that  centre  i  Far  from 
it.  Our  sun  is  only  a  star,  like  all  ihu  rest,  circling  on 
ivith  its  attendant  satellites — our  giiint  sun  a  star,  no 
different  from  myriad  other  stans,  not  even  so  birge  iis 
some ;  a  mere  insigriilicant  spark  of  matter  iii  an  intinite 
shower  of  spixrks. 

Nor  is  this  aU.  Looking  beyond  the  few  thousand 
stars  that  are  visible  to  the  naked  eye,  Ilerschel  sees 
series  after  aeries  of  more  distant  stars,  marshalled  in 
giilaxies  of  millions ;  but  at  last  he  reaches  a  distance 
beyond  whieh  the  galaxies  no  longer  increase.  And  yet 
^so  he  thinks— he  has  not  reached  the  limits  of  his  vi- 
sion. What  then  t  lie  has  C!ome  to  the  bounds  of  the 
sidereal  system  ;  seen  to  the  cotiHnes  of  the  universe. 
He  believers  that  heean  outline  tliis system,  this  universe, 
and  prove  that  it  has  tlie  shape  of  an  irregular  globe, 
oltlalely  flattened  to  almost  disklikc*  proportions,  and  di- 
vided at  one  edge—a  bifurcation  that  is  revealed  even  to 
the  naked  eye  in  the  forking  of  the  Milky  Way, 

This,  then,  is  our  univei*se  as  Ilerschel  conceives  it — a 
vastgahixy  of  suns,  held  to  one  centre,  revolving,  poiaetl 
in  space.  But  even  here  those  marvellous  tclesco|>es  do 
not  pause.  Far,  far  out  beyond  the  confines  of  our  uni- 
verse, iso  far  timt  the  awful  span  of  our  own  system 
might  serve  nn  a  unit  of  measure,  are  reveulod  other  sys- 
tems, other  universes,  like  our  own,  eacli  composed,  as 
he  thinks,  of  myriads  of  suns,  clustered  like  our  galaxy 
into  an  isolated  system— mere  islands  of  matter  in  an 
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infinite  ocean  of  space.  So  distant  from  our  universe 
are  these  new  universes  of  Herscliers  discovery  that 
their  light  reaches  us  only  as  a  dim  nebulous  glow,  in 
most  cases  invisible  to  the  unaided  eye.  About  a  hundred 
of  these  nebulao  were  known  when  Herschel  began  his 
studies.  Before  the  close  of  the  century  he  has  discov- 
ered about  two  thousand  more  of  them,  and  many  of  these 
had  been  resolved  by  his  largest  telescopes  into  clusters 
of  stars.  He  believes  that  the  farthest  of  these  nebulaB 
that  he  can  see  is  at  least  300,000  times  as  distant  from 
us  as  the  nearest  fixed  star.  Yet  that  nearest  star  is  so 
remote  that  its  light,  travelling  180,000  miles  a  second, 
requires  three  and  one  half  years  to  reach  our  planet. 

As  if  to  give  the  finishing -touches  to  this  novel 
scheme  of  cosmology,  Herschel,  though  in  the  main 
very  little  given  to  unsustained  theorizing,  allows  him- 
self the  privilege  of  one  belief  that  he  cannot  call  upon 
his  telescopes  to  substantiate.  He  thinks  that  all  the 
myriad  suns  of  his  numberless  systems  are  instinct  with 
life  in  the  human  sense.  Giordano  Bruno  and  a  long 
line  of  his  followers  had  held  that  some  of  our  sister 
planets  may  be  inhabited,  but  Herschel  extends  the 
thought  to  include  the  moon,  the  sun,  the  stars — all  the 
heavenly  bodies.  He  believes  that  he  can  demonstrate 
the  habitability  of  our  own  sun,  and  reasoning  from 
analogy,  he  is  firmly  convinced  that  all  the  suns  of  all 
the  systems  are  "  well  supplied  with  inhabitants."  In 
this,  as  in  some  other  inferences,  Herschel  is  misled  by 
the  faulty  physics  of  his  time.  Future  generations,  work- 
ing with  perfected  instruments,  may  not  sustain  him 
all  along  the  line  of  his  observations  even,  let  alone  his 
inferences.  But  how  one's  egotism  shrivels  and  shrinks 
as  one  grasps  the  import  of  his  sweeping  thoughts! 
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Continuing  his  observ'ations  of  the  innumerable  nehii- 
1»»  Herschel  is  leU  presently  to  anotlier  curious  specula- 
tive ioferefice.  lie  notes  thtit  some  star  groups  are  miicli 
more  thickly  clustereil  than  others,  and  lie  is  led  to  in- 
ft^r  that  such  varied  clustering  tells  of  varying  ngeB  of 
the  different  nebuhi\  lie  thinks  tliat  at  first  aU  space 
may  have  l>eenevenly  sprinkled  with  the  stars,  and  that 
tlie  gnniping  has  resulted  from  ttie  action  of  gravita* 
tion.  f/joking  forward,  it  apjiears  that  the  time  must 
come  when  all  the  suns  of  a  system  wtll  be  drawn  to- 
gether and  destroyed  by  Impact  at  a  common  centre. 
Already,  it  seems  to  him,  tlie  thickest  clusters  have 
"outliveil  tlieir  usefulness,"  and  are  verging  towards 
their  doom* 

But  a^in,  other  nebulse  present  an  appearance  sug- 
gestive of  an  op|K>site  condition.  They  are  not  resolva- 
ablti  into  stars,  hut  present  an  almost  uniform  appear^ 
ance  throughout,  and  are  hence  believed  to  be  composed 
of  a  shining  fluid,  which  in  some  instances  is  seen  to  be 
condensed  at  the  centre  into  a  glowing  mass*  In  sucli 
a  nebula  Herschel  thinks  lie  sees  a  sun  in  process  of 
formation. 

Taken  together,  these  two  conceptions  outline  a  ma- 
jestic cycle  of  workl  formation  and  world  destruction— 
a  l>roatl  scheme  of  cosmogony;  such  as  hatl  l)een  vaguely 
adumbrated  two  centuries  before  by  Kei)lcr,  and  in 
more  recent  times  by  Wright  and  Kant  and  Sweden- 
lx)rg.  This  so-called  **  nebular  hyjwthesis "  assumes 
that  in  the  beginning  all  space  was  uniformly  filled 
with  cosmic  matter  in  a  state  of  nebular  or  ^*  fire-mist " 
diffusion,  "  formless  and  voitl,"'  It  pictures  the  con* 
densation^-Cimgulation,  if  you  will — of  portions  of  this 
musH  tt>  f*M*tM  sk'greguted  masseM,  nnd  the  ultimate  deveh 
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has  suggestetU  or  thrown  out  by  explosive  volcanic  ac- 
tion, in  aceonlance  with  the  theory  of  Dr.  Uarvvin  'i  or 
do  they  owe  their  origin  to  some  unknown  law  'i  In 
any  event,  how  chanced  it  that  all  were  projectetl  in 
nearly  the  same  plane  as  we  now  find  tiiein? 

It  remaiaetl  for  a  tmithematical  astronomer  to  solve 
these  puz/Jes,  The  man  of  all  others  competent  to  takii 
the  subject  in  liaiul  was  the  French  astronomer  Laf)kce, 
For  a  c|uurter  of  a  century  he  laid  devoted  his  transcen- 
dent mathernatitul  abilities  to  the  solution  of  problems 
of  motion  of  the  hesivenly  bodies.  Working  in  friend l)*^ 
rivalry  with  his  country  man  Lngiange,  his  only  peer 
among  the  mathematicians  of  the  age,  he  had  taken  up 
ancl  solvetl  one  by  one  the  problems  that  Newton  left 
obscure.  Largely  through  the  efforts  of  these  two  nitm 
the  last  lingering  tiouhts  as  to  the  soliilarity  of  the  New- 
tonian hypothesis  of  universal  gras^itation  had  been  re- 
moved. The  share  of  Lngrange  was  hardly  less  tlian 
that  of  his  coworker:  but  Lagrange  will  longer  be  re- 
iBemijcred,  because  fje  ultimately  brought  his  conipleteil 
labors  into  a  sy.^teun  and  incorporating  with  them  the 
labors  of  his  contempitraries,  protluced  in  the  MecHuiqufi 
CtU^t*:  the  nntlisputed  mathematical  monument  of  the 
c<*ntury,  a  tit  ting  complement  to  the  Pnuf^ipta  of  New- 
toii,  ivhicii  it  sup[iletnents  and  in  a  sense  completes. 

In  the  closing  years  of  the  century  Laplace  takes  up 
the  nebular  liypothesis  of  cosmogony,  to  which  weliave 
just  referred,  and  gives  it  definitive  proportions;  in  fact, 
makes  it  so  thoroughly  his  own  that  posterity  will  al- 
ways link  it  with  his  name.  Discarding  the  crude  no- 
tions of  cometary  impact  and  volcanic  eruption,  Laplace 
tills  op  the  giips  in  the  hyixjtheais  with  the  aid  only  of 
well-known  laws  of  gravitation  and  motion.   He  assumes 
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that  the  primitive  mass  of  cosmic  matter  which  was 
destined  to  form  our  solar  aystem  was  revolving  on  its 
axia  even  at  a  time  when  it  was  still  nebular  in  charac- 
ter, and  filled  all  space  to  a  distance  far  beyond  the 
present  limits  of  the  system*  As  this  vaporous  mass 
contracted  through  loss  of  heat,  it  revolved  more  and 
more  swiftly,  and  from  time  to  time,  through  Iju lance 
of  forces  at  its  peri|i[iery,  rings  of  its  substance  were 
whirled  off  and  left  revolving  there,  to  subset] nently 
become  condensed  into  planets,  and  in  tlieir  turn  wliirl 
olT  minor  rings  that  became  moons.  The  main  botiy  of 
the  original  mass  remains  in  the  present  as  tlie  still  con- 
tracting and  rotating  body  which  we  call  the  sun. 

The  nebular  !iyiK>thesis  thus  given  detailed  comple- 
tion by  Laplace  is  a  worthy  complement  of  the  grand 
cosmologic  scheme  of  Uerschel.     Wlietber  true  or  false, 
the  two  conceptions  stand  as  the  Una  I  contributions  of 
tlie  eigliteenth  century  to  the  Iiistory  of  nian's  ceaseless 
efforts  to  solve  the  mysteries  of  cosmic  origin  and  cosmic 
structure.    The  world  listens  eagerly  and  without  preju- 
dice  to  the  new  doctrines ;  and  that  attitude  tells  of  a 
marvcMous  intellectual  growth  of  our  race.    Mark  the  I 
transition.     In  the  year  W)i\  Bruno  was  burned  at  the 
statce  for  teaching  that  our  earth  is  not  the  centre  of  tlje 
univei'se.     In  ITuO,  Newton  was  pronounceti  "^'impious 
and  heretical"  by  a  large  school  of  philosophers  for] 
dechiring  that  the  force  which  liolds  the  planets  in  their ^ 
orbits  is  univei*sal  gravitation.      In  1800,  Laplace  and 
Uerschel   are   honored   for  teaching   that   gravitationl 
built  up  the  system  which  it  still  eon  trots;  that  our 
utjiverse  is  but  a  minor  nebula,  our  sun  but  a  minor  star, 
our  earth  a  mere  atom  of  matter,  our  race  only  one  of 
tnyt'iad  races  peopling  an  infinity  of  worlds.     l>octrinei 
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which  but  the  span  of  tvro  human  liTes  befom  woulil 
have  broiitrht  their  enunciators  to  the  stake  were  now 
pronounced  not  impious,  but  sublime. 


lit 

One  might  naturally  suppose  that  the  science  of  the 
earth,  which  lies  at  raan's  feet,  would  at  least  have  kept 
paco  with  the  scienoe  of  distaTit  stars*  But  jierhaps  the 
very  obviousness  of  tlie  phenomena  delayed  the  study 
of  the  crust  of  the  earth.  It  is  tiie  unattainable  tliat 
allures  and  m vat i ties  and  enchants  the  ileveloping  niiruh 
Tlie  proverbial  child  spurns  its  toys  and  crses  fur  the 
nitxju. 

So  in  those  closing  days  of  the  eighteenth  centurf, 
when  astronomers  had  gone  so  fur  towards  explaining 
tlie  mysteries  of  tlie  disUtnt  portions  of  the  universe, 
tve  finii  a  chaos  of  opinion  r©gar<ling  the  structure  and 
formation  of  the  earth.  Unesses  were  not  wanting  to 
explain  tlie  formation  of  the  world,  it  is  true,  but,  with 
one  or  two  exceptions,  these  are  bizarre  indeed.  One 
theory  supposed  the  earth  to  have  been  at  first  a  solid 
mass  of  ice,  which  became  animati^d  only  after  a  comet 
had  diished  against  it,  (Hlier  tlieones  conceived  the 
original  gh>be  as  a  mass  of  water,  over  which  floated 
va[iors  containing  the  solid  elements,  which  in  due  time 
were  precipitated  as  a  crust  upon  the  watei^s.  In  a 
vFon\,  the  various  schemes  supposed  the  original  mass  to 
have  been  ice^  or  water,  or  a  conglomerate  of  water  and 
soliils.  according  to  t tie  random  fancies  of  the  theorists; 
and  the  final  sepanition  into  Innd  and  water  was  con- 
ceived to  have  taken  place  in  all  the  ways  which  fancy, 
quite  unchecked  by  any  tenable  data,  could  invent. 
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Whatever  important  changes  in  the  general  character 
of  the  surface  of  ttie  globe  were  oonoeivetl  to  have  taken 

place  since  its  creation  were  generally  associatefl  with 
the  Mosaic  dc»luge,  and  the  theories  which  attemptefl  to 
explain  thiis  catastrophe  were  quite  on  a  par  witli  tliose 
which  dealt  with  a  remoter  period  of  the  eartli's  history. 
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Some  «pe€alator»,  holding  that  Lho  interior  of  tlie  globe 
IS  a  great  abyss  of  waters,  conceived  that  tlio  crust  hail 
ilropjied  into  this  cha^ni  and  h;id  tlius  been  inundated. 
(Jihers  held  lliat  the  eiirth  had  originally  revolved  on 
CL  vcrtic^il  axis,  and  that  iIib  siitlden  change  to  its  }>res- 
,,i»nt  piisitioji  had  cjiuaed  tito  catiifttropiiic  shifting  oi 
il.s  oceans,  Btit  |M.?rha|>s  the  ravurite  theory  was  that 
which  supposotl  a  comet  to  hnve  wandered  near  the 
earth,  and  in  whirling  abont  it  to  have  carpi(^<l  the  wa- 
ten*,  throngh  gravitation,  in  a  vast  tide  nvrr  tfie  coiui- 
nents. 

Thus  blindly  grrippd  the  majority  of  eigliteentlwcen- 
tnry  pljdosojthei's  in  ilceir  attrMnptn  to  study  what  we 
now  term  gejdogy.  Deludi'd  by  the  old  dednctivn 
mi4hods,  they  founded  not  a  scieneo,  but  the  gliost  of  a 
science,  as  ini material  and  as  unliko  anything  in  nature 
US  any  other  phantotn  that  cnukl  lie  conjured  from  the 
depths  of  the  s|wcuhitive  imagination.  And  all  the  while 
the  her Ictining  earth  Tay  beneath  tlie  feet  of  tliese  vision* 
nries;  but  their  eyes  were  tixeil  in  air. 

At  hist,  however,  there  came  a  man  wlio  liad  tfie 
penetnitif.»n  to  see  that  the  phantom  science  of  geolngy 
np<?ded  before  all  else  a  body  cor|>oreal,  and  who  took  to 
himself  the  task  of  supplying  it.  Tliia  was  Dr.  James 
liutton.of  Ediidiurgh,  physician,  farmer,  and  mantifact- 
uring  choniiat ;  patient,  enthnsiastfc.  level-headed  tlevntee 
of  ^ien<^e.  InH|>ii'ed  by  his  love  of  chemistry  to  study 
ibo  character  of  rocks  and  soils,  Tluttrni  lia<l  not  gone  far 
liefore  the  earth  stood  revealecl  to  him  in  a  new  liglit. 
He  saw,  what  generations  of  predecessors  had  blindly 
r*^fused  to  »ee,  that  the  face  of  nature  everywhere, 
instead  of  being  rigid  and  immutable,  is  perennially 
|ihLstic.  and  year  by  year  is  undergoing  metamorphic 
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changes.  The  suJidest  rooks  are  day  b^*  day  disinbe. 
grated^  slov^-ly*  but  none  the  less  surely,  bj  wind  and 
rain  and  frost,  by  mechanical  attrition  and  chemical 
deconii>osition,  to  form  the  pulverised  earth  and  clay. 
This  soil  is  being  swept  away  by  jwrennial  showers,  and 
carried  off  to  the  oceans.  The  oceans  themselves  beat 
on  their  shores,  and  eat  insidiously  into  the  structure  of 
sands  and  rocks.  Everywhere^  slowly  but  surely,  the 
surface  of  the  lan<i  is  being  worn  away;  its  substance  Is 
being  carried  to  burial  in  the  seas* 

Should  this  denudation  continue  long  enough,  thinks 
Huttfjn,  the  entire  surface  of  the  continents  must  be 
worn  away.  Should  it  be  continued  long  momjh  !  And 
with  that  thought  there  flashes  on  his  mind  an  inspiring 
conception— the  idea  that  solar  time  is  long,  indefinitely 
long.  That  seems  a  simple  enough  thought— almost  a 
truism— *  to  the  nineteenth-century  mind  ;  but  it  reijuired 
genius  to  conceive  it  in  the  eighteenth,  JIutton  |ion- 
dered  it^  graspe<l  its  full  impirt,  and  made  it  the  basis  of 
his  hypothesis,  his  ''  theory  of  the  eartlu" 

The  hypothesis  is  this — ^tliat  the  observed  changes 
of  the  surface  the  earth,  continued  through  indefinite 
lapses  of  time,  must  result  in  conveying  all  the  land  at 
last  to  the  sea;  in  wearing  continents  away  till  the 
oceans  overflow  them,  What  then?  Why,  as  the  con* 
tinents  wear  down,  the  oceans  are  filling  up.  Along 
their  bottoms  the  detritus  of  wasted  continents  is  de- 
posite<l  in  strata,  together  with  the  Ixxlies  of  marine 
animals  and  vegetribles.  Why  might  not  this  debris 
solidify  to  form  layers  of  roeks— the  basis  of  new  con- 
tinents if     Why  not,  indeeil  ? 

But  have  we  any  prcxd  that  such  formation  of  rocks 
in  an  ocean-lied  has,  in  fact,  occurred  ?    To  be  sure  we 
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hare.  It  ta  furnished  by  every  beii  of  limestone,  every 
outerapfjiiig  fragment  of  fossil-bearing  rock,  ei^ery  strnti- 
find  cliff.  How  else  than  Lhrotigh  sucti  formation  in  an 
ocean-bed  came  these  rocks  to  be  stratifie^l  t  llow  elsts 
c;ime  they  to  contain  the  sliells  of  once  lining  organisms 
fmhedded  in  their  depths  f  The  ancients,  findrrig  fussil 
shells  etnl>edded  in  the  rocks,  explained  them  as  mere 
freaks  of  *^  nature  and  the  stars/^  LesH  superstitiotig 
generations  had  repudiated  this  explanation,  but  had 
failed  to  give  a  tunable  solution  of  the  mystery.  To 
llutlon  it  is  a  mystery  no  longer.  To  hini  it  seems 
clear  that  the  basis  of  the  present  continents  was  laid  in 
ancient  sea- beds,  formed  of  the  detritus  of  continents 
yet  more  ancient. 

But  two  links  are  stdl  wanting  to  complete  the  chain 
of  llutton^s  hypothesis.  Through  wbat  agency  has  the 
ooze  of  the  ucetm-bed  been  transformed  into  solid  rock  ? 
And  through  what  agency  has  this  rock  Ijeen  lifted 
above  the  surface  of  the  water,  to  form  new  continents? 
liutton  looks  alKJ»t  him  for  a  clew,  and  soon  he  finds 
it.  Everywhere  about  us  there  are  outcropping  rocks 
that  are  not  strati  lied,  but  which  giire  evidence  to  the 
observant  eye  of  having  once  been  in  a  molten  state. 
Different  minerals  are  mixed  togetber;  jwbbles  are 
scattered  through  masses  of  rock  like  plums  in  a  pud- 
ding; irregular  crevices  in  otherwise  solid  masses  of 
rock~so  *  called  veinings— are  seen  to  be  filled  with 
ec"]ual[y  solid  granite  of  a  different  variety,  which  &'in 
have  gotten  tbere  in  no  conceivable  way,  so  Ilutton 
thinks,  hut  by  running  in  while  molten,  as  liquid  metal 
is  run  into  tl*e  mnuMs  of  tbe  founder.  Even  the  strati- 
fied rocks,  though  they  seemingly  have  not  been  melted^ 
give  evidence  tn  some  instances  of  having  been  8ub< 
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jected  to  the  action  of  heat.  Marble,  for  example,  is 
clearly  nothing  but  calcined  limestone. 

With  such  evidence  before  him,  Uutton  is  at  no  loss 
to  complete  his  hypothesis.  The  agency  which  has  solid- 
ified the  ocean-beds,  he  Stays,  is  subterranean  heat.  The 
same  agency,  acting  excessively,  has  produced  volcanic 
cataclysms,  upheaving  ocean-beds  to  form  continents. 
The  rugged  and  uneven  surfaces  of  mountains,  the  tilted 
and  broken  character  of  stratified  rocks  everywhere,  are 
the  standing  witnesses  of  these  gigantic  upheavals. 

And  with  this  the  imagined  cycle  is  complete.  The 
continents,  worn  away  and  carrietl  to  the  sea  by  the  action 
of  the  elements,  have  been  made  over  into  rocks  again 
in  the  ocean-beds,  and  then  raised  once  more  into  conti- 
nents. And  this  massive  cycle,  in  llutton's  scheme,  is 
supposed  to  have  occurred  not  once  only,  but  over  and 
over  again,  times  without  number.  In  this  unique  view 
ours  is  indeed  a  world  without  beginning  and  without 
end;  its  continents  have  been  making  and  unmaking  in 
endless  sorites  since  time  began. 

Ilutton  formulated  his  h\'pothesis  while  \'et  a  young 
man,  not  long  after  the  middle  of  the  century.  He 
first  gave  it  publicity  in  1781,  in  a  paper  before  the 
Royal  Society  of  Kdinburgh,  a  paper  which  at  the  mo- 
ment neither  friend  nor  foe  deigned  to  notice.  It  was 
not  published  in  book  form  till  the  last  decade  of  the 
century,  when  Ilutton  had  lived  with  and  worked  over 
his  theory  for  almost  fifty  years.  Then  it  caught  the 
eye  of  the  world.  A  school  of  followers  expounded  the 
lluttonian  doctrines;  a  rival  school,  under  Werner,  in 
Germany,  opposed  some  details  of  the  hypothesis ;  and 
the  educated  world  as  a  whole  viewed  disputants 
askance.   The  very  novelty  of  the  new  views  forbade  their 
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immediate  accepttince.  Bitter  attacks  were  made  upon 
the  **  heresies,"  and  that  Wiis  meant  to  be  a  soberly  tem- 
pered judgment  wliicfi  m  1800  pTOnounced   IJuttun's 

jtlieories  "  not  only  bostile  to  sacred  history*  but  ecjually 

[liostile  to  the  principles  of  probabilityj  to  the  resiilu  of 
the  ablest  observations  on  the  mineral  kingdom,  and  to 
the  dictates  of  rational  philosophy."  And  all  this  be- 
cause Hutton's  theory  presupposed  the  earth  to  have 
been  in  existence  more  than  six  thousand  years. 

Tims  it  appears  that  tl tough  tlie  thoughts  of  men  had 
widened,  in  these  closing  days  of  the  eighteenth  cen- 
tury, to  include  the  stars,  tliey  had  not  as  yet  ex|>anded 
to  receive  tho  most  patent  records  that  are  written 
everywhere  on  the  surface  of  the  earth.  Before  Kut- 
ton^s  views  could  be  accepted,  his  pivotal  conception 
that  lime  is  long  must  be  established  by  convincing 

'proofs.  The  evidence  was  being  gathered  by  WiUtani 
Smith,  Cuvier,  and  other  devotees  of  the  budding  science 
of  paleontology  in  the  last  days  of  the  century,  but  the 
rt'cord  of  their  completed  labors  belongs  to  another 
epoch. 

rv 

The  eighteenth  -  century  philosopher  made  great 
stridei  in  his  studies  of  the  physical  properties  of  mat- 
ter, and  tho  application  of  these  proj>erties  in  mechan- 
ics, us  thesteam-engine,  tho  balloon,  the  optic  telegriiph» 
the  spinning-jeDny,  the  cotton-gin,  the  chronometer,  tho 
perfected  compass*  the  I^eyden  jar,  tlie  lightning-rml^ 
md  a  host  of  minor  inventions  testify.  In  a  speculative 
way  he  had  thought  out  more  or  less  tenable  concep- 
tions as  to  the  ultimate  nature  of  matter,  as  ^vitness  the 
theories  of  Leibnitz  and  Boscovich  and  Di3.\*y^  to  which 
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we  may  recur.  But  he  bad  not  as  yet  conceived  the 
notion  of  a  distinction  between  matter  and  energy, 
which  is  so  fundamental  to  the  physics  of  a  later  efMjch. 
He  did  not  speak  of  heat,  Ughtj  electricity,  as  forms  of 
energy  or  *'^  force "j  he  coDceired  them  as  subtile  forms 
of  matter — as  hsgldy  attenuated  yet  tangible  fluidis,  sub- 
ject to  g^ravitation  and  chemical  attraction  ;  though  he 
had  learned  to  measai-e  none  of  them  but  heiit  with  ac- 
curacy, and  this  one  he  oould  test  only  with  in  narmw 
limits  until  late  in  the  eenturvv  when  Josiuh  Wetlgwotxi, 
the  famous  potter^  taught  him  to  gauge  the  highest  tem- 
peratures with  the  clay  pyrometer. 

He  s[K>ke  of  the  matter  of  heat  as  being  the  most  uni- 
versally distributed  fluid  in  nature;  as  entering  in  some 
degree  into  the  conijiosition  of  nearly  all  other  sub- 
stances; as  being  sometimes  liquid,  sometimes  con* 
densed  or  solid^  and  as  having  weight  that  ciiuki  be  de- 
tected with  the  balance.  Following  Newton,  he  spoke 
of  light  as  a  **  corpuscular  emanation  "  or  fluiil,  compoiied 
of  shining  |mrtieles  which  iK>ssibly  are  iransruulable 
into  particles  of  heat,  and  which  enter  into  chemical 
combination  with  the  particles  of  other  forms  uf  matter. 
Electricity  he  considered  a  still  more  subtile  kind  of  mat- 
ter— perhaps  an  attenuated  form  of  light.  Magnetism, 
''  vital  fluidj"  and  by  some  even  u  *'gravic  lluitl,"  anel  a 
fluid  of  sound,  were  placed  in  the  same  scale;  and  taken 
together,  all  these  su[»|iosed  subtile  forms  of  matter  were 
classed  as  "  imjxmderahles," 

This  view  of  the  nature  of  the  *'  impondrmhk^  "  was 
in  some  measure  a  retrogression^  for  many  seve tileenth- 
century  philosopherH,  notably  Uooke  and  Uuygens  and 
Boylej  bad  held  more  correct  views;  but  the  materi- 
alistic conception  accorded  so  well  with  the  eighteenth- 
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century  tendencies  of  thought  that  only  here  ami  there 
a  philosopher,  like  Euler.  calltnl  it  in  quostton,  unlil  well 
un  touards  the  close  of  the  century.  Current  npccch  re- 
ferred to  the  materiality  of  the  '•  imponderables'*  nn- 
f|uostionin^ly.  Students  at  riieteornlogy — a  science  that 
wn^  just  dawiiiiig^^expiuiried  atniospheric  phenomena 
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on  the  supposition  that  heat,  the  heaviest  imponderable, 
pretiomtnated  in  tlie  lo\rer  atmosphere,  and  that  light, 
electricity,  and  magnetism  prevailed  m  successivety 
higher  strata.  And  Lavoisier,  the  most  philosophical 
chemist  of  the  century,  retained  heat  and  light  on  a  par 
with  oxygen,  hydrogen^  ironj  and  the  rest,  in  his  list  of 
elementary  substances. 

But  just  at  the  cl*^e  of  the  century  the  confidence  in 
the  status  of  the  inipondenibles  was  rudely  shaken  in 
the  minds  of  philosophers  by  the  revival  of  the  old  idea 
of  Fra  Paolo  and  Bacon  and  Boyle,  that  heat,  at  any 
rate,  is  not  a  material  fluids  but  merely  a  mode  of  mo- 
tion or  vibration  among  the  particles  of  "ponderable*' 
matter.  The  new  champion  of  the  old  doctrine  as  to 
the  nature  of  beat  was  a  very  distinguished  philosopl^er 
and  diplomatist  of  the  time,  who,  it  may  be  worth  re* 
calling,  was  an  American.  He  was  a  sadly  expatriated 
American  J  it  is  true,  as  his  name,  given  all  the  official 
appendages,  will  amply  testify ;  but  he  had  been  born 
and  reared  in  a  Massachusetts  village  none  tlie  less^  and 
he  seems  always  to  have  retained  a  kindly  interest  in 
the  land  of  his  nativity,  even  thougli  he  lived  abroad  in 
the  service  of  other  powers  during  all  the  later  years  of 
his  life,  and  was  knighted  by  Enghind,  ennobled  by  Ba- 
varia, and  honored  by  the  most  distinguisheil  gcientitic 
bodies  of  Europe.  The  American,  then,  who  cham- 
pioned the  vibratory  theory  of  heat,  ia  op^Msition  to  all 
current  opinion,  in  this  closing  era  of  the  eighteenth 
century,  was  Lieutenant-General  Sir  Benjamin  Tbomp- 
Bon,  Count  Utimford,  F,  It,  S* 

Rum  ford  showed  that  heat  may  be  produced  !n  in* 
definite  quantities  by  friction  of  bodies  that  do  not 
themselves  lose  any  appreciable  matter  in  the  process, 
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and  ckimed  that  this  proves  the  imraatenality  of  heat^ 
Later  on  he  adtled  force  to  the  argument  by  pn^ving,  in 
njfutation  of  ilie  experiments  of  BowdiLch,  that  no  body 
either  gains  or  loses  weight  in  virtue  of  being  heated 
or  €ooled.  He  tlinught  it  proved  that  heat  is  only  a 
motie  of  motion. 

Out  contemporary  judgnient^  while  it  Hstetied  res|iect- 
fidly  to  Rum  ford,  was  little  minded  to  accept  his  ver- 
dict Tfie  cherislied  belief!*  of  a  generation  are  not  to 
be  put  down  with  a  single  blow.  Where  many  minds 
have  a  similar  drifts  howev^er,  the  first  blow  may  precii)- 
itate  a  general  conflict;  and  so  it  was  here.  Young 
llum[»hry  Davy  bad  duplicated  Rum  ford's  exjienments, 
and  reached  similar  conclusions;  and  soon  others  fell 
into  line.  Then,  in  1801^  Dr,  Thomas  Young— *'Phe- 
nomencm  Young  *'  they  callecl  him  at  Cambridge,  because 
he  was  reputed  to  know  every  tiling— took  up  the  cud- 
gels for  the  vibratory  theory  of  light,  and  it  began  to 
be  clear  that  the  two  "  imponderables,"  heat  and  light, 
must  stand  or  fall  together;  but  no  one  as  yet  made  a 
claim  agjiinst  the  fluidity  of  electricity. 

But  lief  ore  this  specnlativ^e  controvei-sy  over  the  nat- 
ure of  t  lie  'Mm ponderables*'  had  made  more  tfian  a  fair 
beginning,  in  the  last  year  of  the  century,  a  discovery 
was  announced  which  gave  a  new  impetus  to  physical 
science,  and  for  the  tnonient  turned  the  current  of  s[>ec- 
ulatton  into  another  channel.  The  inventor  was  the 
Italian  scientist  V'olta;  his  invention,  the  apparatus  to 
l>e  known  in  future  as  the  voltaic  pile — the  basis  of  the 
galvanic  battery.  Ten  years  earlier  Galvani  had  discov- 
ered that  metals  placed  in  contact  have  the  power  to 
excite  contraction  in  the  muscles  of  animals  apparently 
dcjid.    Working  along  lines  suggested  by  this  discovery, 
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Volta  developed  an  apparatos  composed  of  two  metals 
joined  together  and  acted  on  by  chemicals,  which  ap- 
peared to  accamolate  or  store  np  the  galvanic  influence, 
whatever  it  might  be.  The  effect  could  be  accentuated 
by  linking  together  several  such  "  piles "  into  a  "  bat- 
tery." 

This  invention  took  the  world  by  storm.  Nothing 
like  the  enthusiasm  it  created  in  the  philosophic  world 
had  been  known  since  the  invention  of  the  Leyden  jar, 
more  than  half  a  century  before.  Within  a  few  weeks 
after  Volta's  announcement,  batteries  made  according 
to  his  plan  were  being  experimented  with  in  every  im- 
portant laboratory  in  Europe.  The  discovery  was  made 
in  March.  Early  in  May  two  Englishmen,  Messrs. 
Nicholson  and  Carlyle,  practising  with  the  first  battery 
made  in  their  country,  accidentally  discovered  the  de- 
composition of  water  by  the  action  of  the  pile.  And 
thus  in  its  eiirliest  infancy  the  new  science  of  "galvan- 
ism "  had  opened  the  way  to  another  new  science — elec- 
tro-chemistry. 

As  the  century  closed,  half  the  philosopliic  world  was 
speculating  as  to  whether  "galvanic  influence"  were  a 
new  imponderable  or  only  a  form  of  electricity  ;  and  the 
other  half  was  eagerly  seeking  to  discover  what  new 
marvels  the  battery  might  reveal.  The  least  imagina- 
tive man  could  see  that  here  was  an  invention  that 
would  be  epoch-making,  but  the  most  visionary  dreamer 
could  not  even  vaguely  adumbrate  the  real  measure  of 
its  importance.  Hitherto  electricity  had  been  only  a 
laboratory  aid  or  a  toy  of  science,  with  no  suggestion  of 
practical  utility  beyond  its  doubtful  application  in  medi- 
cine ;  in  future,  largely  as  the  outgrowth  of  Volta's  dis- 
covery, it  was  destined  to  become  a  great  economic 
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agi.'incw  whose  liinitations  not  even  the  enlarged  vision 
iif  oar  kit^r  century  can  pretend  to  outline. 


Of  all  the  contests  that  vrcre  waging  In  the  varfons 
fields  of  science  in  thb  iconoclastic  e|>och,  iierlmps  the 
fiercest  and  most  turbulent  was  that  which  fell  witliin 
the  field  of  chemistry.  Indeed,  this  was  one  of  tbe 
most  memonible  warfares  in  the  history  of  polemic-s.  It 
was  a  battle  veritably  Kajwleonic  in  its  inception,  scop, 
and  incisiveness.  As  was  fitting,  it  was  a  contest  of 
France  against  tha  world ;  but  tlie  Na|»oleonic  parallel 
fails  before  the  end,  for  in  Xhh  ease  Fmnce  won  not 
only  speedily  and  uncorn[iroriiii;ingly,  but  for  all  time. 

The  main  jjoint  at  issue  concerneil  the  central  doc- 
trine of  the  old  chemistry — the  doctrine  of  Becher  and 
Staid,  that  the  only  combustible  substance  in  nature  is 
a  kind  of  matter  called  phlogiston,  which  enters  into 
the  composition  of  other  boilies  in  varying  degree,  tlius 
iietermining  tlieip  inRarnniiibtlity.  This  tlieory  seems 
crude  enough  now,  since  we  know  that  phlogiston  was  a 
purely  fictitious  element,  yet  it  served  an  excellent  pur- 
pose when  it  was  propounded  and  it  held  its  place  as 
ibe  central  doctrine  of  chetnical  philosophy  for  abnost  a 
century. 

At  the  time  wlien  thk  theory  was  put  forwai-d,  it 
must  be  recalWI^  the  old  Aristotelian  idea  that  the  four 
primal  elements  are  earth,  air,  fire,  and  water  still  held 
Hway  as  the  working  foundation  of  all  chemical  pfiiloso- 
phies.  Air  and  water  were  accepted  as  simple  bodies* 
Only  a  few  acid;*  and  alkalies  wert^  known,  and  these 
but  imperfectly ;  and  the  existence  of  gases  as  we  now 
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knoir  t!ieni,  ottier  than  air,  was  hartlly  so  mucli  t\s  sus. 
pected.    All  the  known  facts  of  chemistrj  secerned  then. 
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to  harmonize  with  tfie  plilogtsLon  hypnlheels;  and  so? 
later  on,  did  tlie  new  phenonitMia  wliinb  were  discovered] 
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in  such  profusion  during  tiie  tljird  tjuarter  of  the  eigli- 
teentb  c^^nturj  —  the  t'pcxjb  of  pneumatic  chemistry. 
Hydrogen  ^s,  discovered  by  Cavendisli  in  1T7H,  and 
called  inflp'^""'  'lie  air>  wns  thought  by  some  cbemistB 
to  be  the  very  principle  of  phlogiston  itself.  Other 
"airs''  were  adjudged  *•  depldogisticated  "  or  "  jddogis- 
ticiited,*-  in  proportion  as  they  supported  or  faileil  to 
supjjort  com  bust  iou.  Tlie  familiar  fact  of  a  candle 
flame  going  out  when  kept  in  a  confined  space  of  or^ 
dinary  air  was  said  to  be  due  to  the  saturation  of  this 
air  with  phlogiston.  And  all  this  seemed  to  tally  beau- 
tirtilly  with  tiie  prevailing  theory. 

But  presently  the  new  facts  began,  as  new  facts  al- 
wa3's  will,  to  develop  an  iconoclastic  tendency.  The 
phlogiston  theory  had  dethroned  lii'e  from  its  primacy 
as  an  element  by  alleging  that  flame  is  due  to  a  union 
of  the  element  heat  with  the  element  phlogiston.  Now 
earths  were  decomposed^  air  and  water  were  shown  to 
be  compound  bodies,  and  at  last  the  existence  of  p}jlo. 
giston  itself  was  to  be  called  in  question.  The  structure 
of  the  old  chemical  philosoph}'  had  been  completely  rid- 
dled ;  it  was  now  to  be  overthrown.  The  culminating 
observation  which  brought  matters  to  a  crisis  was  the 
discovery  of  oxygen,  which  waa  made  by  Priestley  in 
England  and  i^lcliecle  in  Sweden,  working  independently, 
in  the  year  1T7+.  Priestley  called  the  new  element  *ul©- 
pfilogisticated  air'*;  Scheele  called  it  **  empyreal  air,'* 

But  neither  Priestley  nor  Scheele  realizeil  the  full  im- 
port of  til  is  discovery;  nor,  for  tJmt  matter,  did  nny 
one  else  at  the  moment.  Very  soon,  however,  one  man 
at  least  had  an  inkling  of  it.  This  was  the  great  French 
chemist  AntoJne  Laurent  Lavoisier,  It  has  sometimes 
been  claimed  that  he  hsmself  discovered  oxygen  inde- 
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fjendentl y  of  Priestley  and  Sclieele*  At  all  erents,  he  at 
once  began  exj>enuienUng  with  it,  and  very  soon  it 
dawned  upon  him  that  this  remarkable  subsUmce  might 
furnish  a  key  to  the  explanation  of  many  of  the  pii:Kzlefl 
of  chemistry.  He  found  that  oxy|^<in  is  consunieil  or 
transformed  during  the  combustion  nf  any  substance  in 
air.  He  i-eviewed  the  phenomena  of  combustion  in  tlie 
light  of  this  new  knowledge.  It  seemed  to  him  that 
the  new  element  explained  them  all  without  aid  of  the 
supposititious  element  phlogiston*  What  proofs  then, 
have  we  that  phlogiston  exists?  Tery  soon  he  is  able 
to  answer  that  there  is  no  proof^  no  reason  to  believe 
that  it  exists.  Then  why  not  denomice  phlogiston  as  a 
myth,  and  discard  it  from  the  realm  of  chemistry? 

Precisely  this  is  what  Lavoisier  purf>oses  to  do.  He 
ftssociates  with  liim  three  other  famous  F'rench  chemists, 
Berthollet^  Guy  ton  de  Horveau,  and  Fourcroy,  and  seta 
to  work  to  develop  a  complete  system  of  chemistry  based 
on  the  new  conception.  In  1788  the  work  is  completed 
and  given  to  the  world.  It  is  not  merely  an  opoch-mak- 
ing  book;  it  is  revolutionary.  It  discards  phlogiston 
altogether,  alleging  that  the  elements  really  concerned 
in  combustion  are  oxygen  and  heat.  It  claims  that 
acids  are  compounds  of  oxygen  with  a  base,  instead  of 
mixtures  of  "earth'-  and  water;  that  metals  are  simple 
elements,  not  compounds  of  "  earth ''  and  *'  plilogiston  *' ; 
and  that  water  itself,  like  air,  is  a  compound  of  oxygen 
with  another  element. 

In  applying  these  itieas  the  new  system  proposes  an 
altogether  new  nf>menclature  for  chemical  substances, 
Ilitlserto  the  terminology  of  tlie  science  has  been  a  mat- 
ter  of  whim  and  caprice.  Such  names  as  **  liver  of  suh 
phar,"  **  mercury  of  life^^'  "  horned  moon,"  *'  the  double 
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secreV*  **tlie  salt  o!  many  Tirtues,''  and  the  like* 
hare  been  accepted  ivitliout  protest  by  the  cliomical 
\rorld.  With  such  a  terminology  continual  pmgress 
was  as  impossible  as  human  progress  without  speech. 
The  new  chemistry  of  Lavoisier  and  his  eonjrereiiy  fol- 
low in  g;  the  mo4.Iel  set  by  zoology  half  a  century  earlier^ 
designates  each  substance  by  a  name  instead  of  a  phrase^ 
applies  these  names  according  to  fixe*l  rules^  andj  in 
short,  classilies  the  chemical  knouietlge  of  the  time  and 
brings  it  into  a  system,  lacking  which  no  bmly  of  knowl- 
edge has  full  title  to  the  name  of  science. 

Thougii  Lavoisier  was  not  alone  in  tlev^eloplng  this 
revolutionary  scheme,  ]X)sterity  remembers  him  as  its 
originator.  His  <laoling  and  comprehensive  genius  ol> 
scuiv^d  tiie  fi:»ebler  lights  of  Jiis  cotifferen.  Perhaps,  too, 
bis  tragic  fate  was  not  without  influence  in  augmenting 
his  jxisthumous  fame.  In  1794  he  fell  by  the  guillotine, 
guiltless  of  any  crime  but  patriotism — a  victim  of  the 
*vHeign  of  Terror."  **The  Repablie  has  no  need  of 
HfimniH^'^  remarked  the  functionary  who  signed  the 
death-warrant  of  the  most  famous  chemist  of  the  cen- 
tury. 

The  leader  of  tlie  reform  movement  in  chemistry 
tbas  died  at  the  hands  of  bigotry  and  fanaticism — 
rather,  let  us  say,  as  the  victim  of  a  national  frenzy — 
while  the  cause  he  championed  was  young,  yet  not  too 
s<»on  to  see  the  victory  as  good  as  won.  The  main  body 
of  French  chemists  had  accepted  the  new  doctrines  al- 
most from  the  iirst,  and  elsewhere  the  opposition  had 
been  of  that  fierce. eager  tyjie  which  soon  exhausts  itself 
in  the  effort.  At  Berlin  they  began  by  burning  Lovoi- 
ftier  in  effigy,  but  tlioy  ended  spemlily  by  accepting  the 
new  theories.  In  England  the  flgiit  was  more  stubborn, 
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but  equally  decisive.  At  first  the  new  chemistry  was 
oppcMsed  by  such  great  men  as  Black,  of  ^'  latent  heat " 
fame ;  Butherford,  the  discoverer  of  nitrogen ;  and  Cav- 
endish, the  inventor  of  the  pneumatic  trough  and  the 
discoverer  of  the  composition  of  water,  not  to  mention 
a  coterie  of  lesser  lights ;  but  one  by  one  they  wavered 
and  went  over  to  the  enemy.  Oddly  enough,  the 
doughtiest  and  most  uncompromising  of  all  the  cham- 
pions of  the  old  "  phlogistic  "  ideas  was  Dr.  Priestley, 
the  very  man  whose  discovery  of  oxygen  had  paved  the 
way  for  the  "  antiphlogistic  "  movement — a  fact  which 
gave  rise  to  Cuvier's  remark  that  Priestley  was  undoubt- 
edly one  of  the  fathers  of  modern  chemistry,  but  a 
father  who  never  wished  to  recognize  his  daughter. 

A  most  extraordinary  man  was  this  Dr.  Priestley. 
Davy  said  of  him,  a  generation  later,  that  no  other  per- 
son ever  discovered  so  many  new  and  curious  substances 
as  he ;  yet  to  the  last  he  was  only  an  amateur  in  science, 
his  profession  being  the  ministry.  There  is  hardly  an- 
other case  in  history  of  a  man  not  a  specialist  in  science 
nccoinplishing  so  much  in  original  research  as  did  Joseph 
Priesthn',  the  chemist,  ph^^sfologist,  electrician ;  the 
nuitlHjmatician,  logician,  and  moralist ;  the  theolo- 
gian, mental  philosopher,  and  political  economist.  He 
took  all  knowledge  for  his  field ;  but  how  he  found  time 
for  his  numberless  researches  and  multifarious  writings, 
alr)ng  with  his  every-day  duties,  must  ever  remain  a 
mystery  to  ordinary  mortals. 

That  this  marvellously  receptive,  flexible  mind  should 
Imvti  rt^fustMl  acceptance  to  the  clearly  logical  doctrines 
of  the  now  chemistry  seems  equally  inexplicable.  But 
Ko  it  was.  To  the  very  last,  after  all  his  friends  had 
capitulated,  Priestley  kept  up  the  fight.    From  America, 
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whither  he  had  gone  to  live  in  1794,  be  sent  out  the  last 
defy  to  the  enemy  in  1800,  in  a  bmchure  entitled  *^  The 
Doctrine  of  Phlogiston  Upheld,^'  etc.  In  the  mind  of 
its  aothor  tliis  was  Httle  leas  than  a  psean  of  victory ; 
but  all  the  world  besides  knew  that  it  was  the  swan^ 
song  of  the  dixjtrineof  phlogiston*  Despite  the  defiance 
of  this  single  warrior  the  battle  was  really  lost  and  won, 
and  mthe  century  cicjsed,  *' antiphlogistic*'  chemistry  had 
practical  |x>ssession  of  tlie  field. 


n 

Several  causes  conspired  to  naake  eirploration  all  the 
fashion  during  the  closing  epoch  of  the  eighteenth  cen- 
tury. New  aid  to  the  navigator  had  been  furnished  by 
the  perfected  compass  and  quadi*antjand  by  the  invention 
of  the  chronometer;  medical  science  had  banished  scurvy, 
which  hitherto  had  been  a  perpetual  menace  to  the  voy- 
ager; and,  above  all,  the  restless  spirit  of  the  age  ka- 
pelled  the  venturesome  to  seek  novelty  in  fields  alto- 
gether new.  Some  started  for  the  pole,  others  tried  for 
a  northeast  or  northwest  passage  to  India,  yet  others 
souglit  the  great  lictitious  antarctic  continent  told  of  by 
tradition.  All  these  of  course  failed  of  their  immediate 
purpose,  but  they  added  much  to  the  worhrs  store  of 
knowknlge  and  its  fund  of  travellers'  tales. 

Among  alt  these  tales  none  was  more  remarkable 
than  those  which  told  of  strange  living  creatures  found 
in  antipodal  lands.  And  here,  as  did  not  happen  in 
every  iiidd,  the  narratives  were  often  substantiated  by 
the  exhibition  of  specimens  that  admitted  no  question. 
Many  a  coui|>uiiy  of  explorers  returned  more  or  less 
laden  with  such  tmphies  from  the  animal  and  vegetable 
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kingdoms^  to  the  mingled  astonishment,  delight,  and  be* 
wilderment  of  the  efoset  naturalists.  The  Mlowei's  of 
Litinseus  in  the  *^  golden  age  of  natural  history/*  a  few 
decades  before,  had  increased  the  number  of  known  sjm- 
cies  of  fishes  to  ahout  400,  of  hirds  to  looo,  of  insects  to 
3000,  and  of  plants  to  10,000.  But  now  these  sud^len 
accessions  from  new  territories  th>ublt>d  the  (i*;ure  for 
plants,  tripletl  it  for  lish  and  birds,  and  Ijrought  the 
numlHjr  of  described  insects  above  :3O,0oO. 

Naturally  enougii,  this  weaitli  of  new  material  was 
sorely  puzzling'  to  the  classiliera.  The  inoi'e  discerning 
began  to  see  that  the  artilieial  system  of  Linnaeus,  won- 
ilerful  and  useful  as  it  had  been,  must  be  advanced  ij|ion 
liefore  the  new  material  could  be  Siittsfactorily  disposed 
of.  The  wav  to  a  more  natural  svslem,  bused  on  less 
arbitrary  signs,  Itad  been  pointed  out  hy  Jussieu  in 
botany*  but  the  zoologists  were  not  prepared  to  make 
headway  towards  such  a  system  until  they  should  gnin  a 
wider  undei^tantling  of  tlie  organisms  witli  which  tlioy 
had  to  deal  tiirougli  comprehensive  stu<lies  of  anatomy* 
Snch  studies  of  individual  forms  in  their  rehitions  to  the 
entire  scale  of  organic  beings  were  pursued  in  these  hist 
decades  of  the  centnry,  but  though  two  or  three  most 
iinportuiiLgeneriili/,ations  were  achieved  ^notably  lvas[)ar 
WoUrs  conception  of  the  cell  iis  the  basigctf  organic  life, 
and  Goetlie*fj  alt-important  dtictrine  of  metamorphosis 
of  parts),  yet,  as  a  whote^  the  wnrk  of  the  anatoudsts  of 
tlie  peritwl  was  gertui native  rather  than  fruit- bearing, 
Bichat's  vohtrntis,  telling  of  the  recognition  of  the  fim- 
damental  tissues  of  the  body,  did  not  l>egin  to  appear 
till  the  last  year  of  the  century.  The  aniiouncement  by 
Cuvier  of  the  doctrine  of  correlation  of  parts  be^irs  the 
same  date,  but  in  general  the  studies  of  this  great  nat- 
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Qralist,  which  in  due  time  were  to  stamp  iiim  us  tho 
successor  of  Linnseus,  wena  as  yet  only  fairly  begun. 

In  the  field  of  physiology,  on  tlie  other  haiul,  two 
most  important  works  were  fairly  consum muted  in  this 
ep<x;h — the  long-stantliDg  problems  of  digestion  arui 
respiration  were  solved^  almost  coincidently.  Two  very 
distinguistied  physiologists  share  the  main  lionoi^sof  dis* 
00 very  in  regard  to  the  function  of  digestion— the  Abbe 
Spallanziini,  of  the  University  of  Pavia,  Italy,  and  John 
Hunter, of  England,  Working  independuntly,  these  in?es- 
tigii tors  showed  at  about  the  same  time  that  diy;estion  is 
primarily  a  chemical  rather  than  a  mechanical  process. 
It  is  a  curious  commentary'  on  the  crude  notions  of  me* 
chanics  of  previous  generations  that  it  should  have  heen 
necsessary  to  prove  by  ex|jeriment  that  the  thin,  almost 
membranous  stomach  of  a  mainra'Al  has  not  the  power  to 
pulveri^,  by  mere  attrition,  the  fowls  that  are  talcen  into 
it.  However,  the  proof  was  now  for  the  lii^t  time  forth- 
coming, and  the  question  of  the  general  character  of  the 
function  of  digestion  was  forever  set  at  rest. 

To  clear  up  the  mysteries  of  respiration  was  a  task  that 
fell  to  the  lot  of  chemistry.  The  solution  of  the  problem 
followed  almost  as  a  matter  of  c^vurse  upon  the  advances 
of  that  science  in  the  latter  part  of  the  cen  tury,  JI  itherto 
no  one  since  Mayow,  of  the  previous  century,  whose  flash 
of  insight  bad  been  strangely  overlooked  and  forgotten, 
had  even  vaguely  surmised  the  true  function  of  the  lungs. 
The  great  Boerhaave  had  supposed  that  res[Niiition  is 
chiefly  important  as  an  aid  to  the  circulation  of  the 
blood ;  his  great  pupil,  Ilaller^  had  believed  to  the  day  of 
bis  death  in  1777  that  the  maiu  purpose  of  the  function 
is  to  form  the  voice.  Ko  genius  could  hope  to  fathom 
tba  mystery  of  the  lungs  so  tung  us  air  was  supjKssed  to 
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be  a  simple  element,  S6rdng  a  mere  mechanical  piirpose 
in  the  economy  of  the  earth. 

But  the  discovery  of  oxygen  gave  the  clew,  and  very 
soon  all  the  chemists  ivere  testing  the  air  that  eiime 
from  the  Inngs— Dr,  Priestley,  as  usual,  being  in  the 
van*  His  initial  exj>erimeiits  were  made  in  17TT,  and 
from  the  outset  the  probh^ra  was  as  good  aa  solved. 
Other  experimeoters  confirmed  his  results  in  all  their 
essentials— notably  Scheeleand  Lavoisier  and  Spjilhinzani 
arid  Davy.  It  was  clearly  established  that  tfiem  is  chem- 
ical action  in  the  contact  of  the  air  with  the  tissue  of  the 
lungs;  that  some  of  the  oxygen  of  the  air  disappars, 
and  that  carbonic  acid  gns  is  added  to  the  inspired  air. 
It  was  shown,  too,  that  the  bloo^i,  having  couio  in  cou 
tact  with  the  air,  is  changed  froitf^ladk/to  red  in  color. 
These  essentiali^  were  not  in  dispute  from  the  first  But 
as  to  just  what  chemical  changes  causwi  these  nisulls 
was  the  subject  of  controversy.  Whether,  for  exam[)le, 
oxygen  m  actually  absorbed  into  the  blootl,  or  whether 
it  mci  L'ly  unitcii  with  carbon  given  off  j'rom  the  blood, 
was  long  in  dispute. 

Each  of  the  main  disputants  was  biassed  by  his  own 
particular  views  as  to  the  moot  points  of  chemistry. 
Lavoisier,  for  example,  believed  oxygen  gas  to  be  com- 
|K)sed  of  a  metal  oxygen  combined  with  the  alleged  ele- 
ment heat;  Dr,  Priestley  thought  it  a  compound  of  pos- 
itive electricity  and  phlogiston  ;  and  Humphry  Davy, 
when  he  entered  the  lists,  a  little  later,  supposed  it  to  be 
a  coraix>und  of  oxygen  and  light.  Such  mistaken  no- 
tions naturally  complicate<l  matters, and  ddayed  a  com- 
plete understanding  of  the  chemical  proccsjies  of  rcspi- 
ration*  It  was  some  time,  too,  before  the  idea  gained 
acceptance  that  the  most  important  chemical  changes 
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cki  not  occur  ID  the  lungs  themselves,  but  in  the  ultimate 
tissues,  lodeeti,  the  mutter  was  not  clearly  settled  at 
tho  close  of  the  century,  Nevoithcless,  the  pmblem  uf 
respimtioii  had  be«n  solved  in  its  essentials.  Moreover, 
the  vastly  im{K>rUint  fact  had  been  established  that  a 
process  t!ssenttally  identical  with  respiration  is  necessary 
to  tlie  exi^tenco  not  iinly  of  ail  creatures  supplied  with 
lungs,  but  to  fishes»  insects*  and  even  vegetables  —  in 
short,  to  every  kind  of  Jiving  organism. 
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All  advances  in  science  have  a  beariog,  near  or  re- 
motOj  on  the  welfare  of  our  race;  but  it  remaifis  to 
credit  to  the  closing  decade  of  tlie  eighteenth  century  a 
discovery  which,  in  its  jxnver  of  diret^t  and  immediate 
benefit  to  humanity,  surpasses  any  other  discovery  of 
this  or  any  previous  eptjch.  Neetlless  to  say  I  refer  to 
Jenner's  discovery  of  the  method  of  preventing  eiuall- 
pox  by  inoculation  with  the  virus  of  cow-|XJx.  It  de- 
tracts nothing  from  the  merit  of  this  discovery  to  say 
that  the  preventive  power  of  accidental  inoculation  had 
long  been  rumored  among  the  peasantry  of  England. 
Such  vague,  unavailing  balf-knowledge  is  often  the  fore- 
runner of  fruitful  discovery.  To  all  intents  and  puqKises 
Jonner's  discovery  was  original  and  unique.  Neither, 
considered  as  a  perfected  method,  was  it  in  any  sense  an 
accident.  It  was  a  triumph  of  experimental  science^ 
how  great  a  triumph  it  is  difficult  now  to  understand,  for 
we  of  to-day  can  only  vaguely  realize  what  a  ruthless  and 
ever-present  scourge  small -pox  had  been  to  all  previous 
generations  of  men  since  history  began*  Despite  all 
elTorts  to  check  it  by  medication  and  by  direct  inocula- 
tion, it  swept  now  and  then  over  the  earth  as  an  all- 
devastating  pestilence,  and  year  by  year  it  claimed  one- 
tenth  of  all  the  lieings  in  Christendom  by  death  as  its 
average  quota  of  victims.  "  From  auial^mx  and  love 
but  few  remain  free,*'  ran  the  old  saw*  A  pitted  face 
was  almost  as  much  a  matter  of  course  a  hundi*cd  years 
ago  as  a  smooth  one  is  to-day. 

Little  wonder*  then,  that  the  world  gave  eager  ac- 
ceptance to  Jenner's  discovery.  The  first  vaccination 
was  made  in  17J>f*.  Before  the  close  of  the  century  the 
method  was  practised  everywhere  in  Christendom.  No 
urging  waa  needed  to  induce  the  majority  to  give  it 
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trial;  passengers  on  a  barning  ship  do  not  hold  aloof 
from  the  life-boats.  Rich  and  poor,  high  and  low, 
sought  succor  in  vaccination,  and  blessed  the  name  of 
their  deliverer.  Of  all  the  great  names  that  were  be- 
fore the  world  in  the  closing  days  of  the  century, 
there  was  perhaps  no  other  one  at  once  so  widely 
known  and  so  uniformly  reverenced  as  that  of  the  Eng- 
lish physician  Edward  Jenner.  Surely  there  was  no 
other  one  that  should  be  recalled  with  greater  gratitude 
by  posterity. 


CHAPTER  II 
THE  CENTURY'S   PROGRESS   IN  ASTRONOMY 


The  first  day  of  our  century  was  fittingly  signalized 
by  the  discovery  of  a  new  world.  On  the  evening  of 
January  1,  1801,  an  Italian  astronomer,  Pi azzi,  observed 
an  apparent  star  of  about  the  eighth  magnitude  (hence, 
of  course,  quite  invisible  to  the  unaided  eye),  which  later 
on  was  seen  to  have  moved,  and  was  thus  shown  to  be 
vastly  nearer  the  earth  than  any  true  star.  He  at  first 
supposed,  as  Ilerschel  had  done  when  he  first  saw 
Uranus,  that  the  unfamiliar  body  was  a  comet;  but 
later  observation  proved  it  a  tiny  planet,  occupying  a 
position  in  space  between  Mars  and  Jupiter.  It  was 
christened  Ceres,  after  the  tutelary  goddess  of  Sicily. 

Though  unpremeditated,  this  discovery  was  not  un- 
exjiected,  for  astronomers  had  long  surmised  the  exist- 
ence of  a  planet  in  the  wide  gap  between  Mars  and 
Jupiter.  Indeed,  they  were  even  preparing  to  make 
concerted  search  for  it,  despite  the  protests  of  philoso- 
phers, who  argued  that  the  planets  could  not  possibly 
exceed  the  nriagic  number  seven,  when  Piazzi  forestalled 
their  efforts.  But  a  surprise  came  with  the  sequel;  for 
the  very  next  year  Dr.  Gibers,  the  wonderful  physician- 
astronomer  of  Bremen,  while  following  up  the  course  of 
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Ceres,  happened  on  another  tinj  moving  star,  similarly 
located,  wbich  soon  revealed  itself  as  planetary.  Thm 
two  planets  were  found  where  only  one  was  ex[)ected* 

The  existence  of  the  supernumerary  was  a  puzzle,  but 
Olbers  soked  it  for  the  moment  by  suggesting  tliat 
Ceres  and  Pallas,  as  he  called  his  captive,  niiglit  be  frag- 
ments  of  a  quondam  planet,  shattered  by  internal  ex- 
plosion^ or  by  the  impact  of  a  comet.  Other  similar 
fragments,  he  ventured  to  predict,  would  be  found  when 
searched  for.  William  IJerschel  sanctioned  this  tlieory, 
and  suggested  the  name  asteroids  for  Uio  tiny  planets. 
The  explosion  theory  was  sup^wrted  by  the  discovery  of 
another  asteroid,  by  Harding,  of  Li  lien  thai,  in  18(H,  and 
it  seemeil  clinched  when  Olbers  himself  found  a  fourth 
in  1807.  The  new*coinei"3  were  named  Juno  and  Vesta 
resi^ectively. 

There  the  case  rested  till  1S45,  when  a  Prussian 
amateur  astronomer  named  Ileneke  found  another  aste- 
mid,  after  long  searching,  and  opened  a  new  ejxich  of 
discsovery.  From  then  on  the  finding  of  asteroids  be- 
came a  commonplace.  Latterly,  with  the  aid  of  pho- 
tography, the  list  has  been  extendeil  to  above  four  hun- 
dred, and  as  yet  there  seems  no  dearth  in  the  supply, 
though  doubtless  all  the  larger  memlwi-s  have  been  re- 
vealed. Even  these  are  but  a  few  hundreils  of  miles  in 
diameter,  while  the  smaller  ones  are  too  tiny  for  meas- 
urement. The  combined  bulk  of  these  minor  planets  is 
believed  to  be  but  a  fraction  of  that  of  the  earth. 

(>lbers"5  explosion  theory,  long  accepted  by  astrono- 
merS)  has  been  proven  open  to  fatal  objecttona  The 
minor  planets  are  now  believed  to  represent  a  ring  of 
cosmical  matter^  cast  off  from  the  solar  nebula  like  the 
rings  that  went  to  form  the  major  planets,  but  prevented 
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from  becoming  aggregated  into  a  single  body  by  the 
pertarbing  mass  of  Jupiter. 

As  we  have  seen,  the  discoverr  of  the  first  asteroid 
confirmed  a  conjecture :  the  other  important  planetary 
discovery  of  our  ceniurv  fulfilled  a  prediction.  Nep- 
tune was  found  thn>Ui:h  scientific  prophecy.  Xo  one 
suspected  tiie  existence  of  a  trans-Uranian  planet  till 
I'ranus  itself,  by  hairbreadth  departures  from  its  pre- 
dicteil  orbit,  giive  out  the  secret.  Xo  one  saw  the  dis- 
turbing planet  till  the  i>encil  of  the  mathematician,  with 
almost  occult  divination,  had  p«>inteil  out  its  place  in 
the  heavens.  The  general  predication  of  a  trans- 
Tranian  planet  was  niaiie  by  Bessel,  the  great  Konigs- 
Ijercr  astronomer,  in  1^4«»:  the  analvsis  that  revealed  its 
exact  hx-ation  was  undertaken,  half  a  decade  later,  by 
two  independent  workers — John  Couch  Adams,  just 
jjradiiated  senior  wranofler  at  Cambridtre,  En<;land,  and 
r.  J.  J.  Levcrrier,  the  leading  French  mathematician  of 
his  generation. 

Adanis*s  calculation  was  first  begun  and  first  com- 
pleted. But  it  had  one  radical  defect — it  was  the  work 
of  a  young  and  untried  man.  So  it  found  lodgment  in  a 
pigeon  hole  of  the  desk  of  England's  Astronomer  Royal, 
and  an  opportunity  was  lost  which  English  astronomers 
have  never  ceased  to  mourn.  Had  the  search  been 
made,  an  actual  planet  would  have  been  seen  shining 
tlxM'o,  close  to  the  spot  where  the  pencil  of  the  mathe- 
matician had  placed  its  hypothetical  counterpart.  But 
the  search  was  not  made,  and  while  the  prophecy  of 
Adams  gathered  dust  in  that  regrettable  pigeon-hole, 
Loverrier's  calculation  was  coming  on,  his  tentative 
nwiilts  me(»ting  full  encouragement  from  Arago  and 
other  French  savants.    At  last  the  laborious  calculations 
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pro  veil  sutisfnctorv,  awi,  contidunt  of  the  rpHull»  lA*vtn'ner 
sent  to  tlio  Herliu  ol^servatnry,  retjuesttng'  ihat  search  be 
made  fur  the  disturlxjr  of  Uranus  in  a  particuhir  spot  of 
the  lieav<*ns.  Dr  Galle  receive<l  the  request  SeptBUiber 
23, 184»!.  That  very  night  h<>  tiirno<I  his  telescope  to  the 
imlicateil  rog-ion,  and  tliere,  within  a  singln  degree  of 
the  BU^gf*sted  spot,  he  saw  a  seeming  star,  invisible  to 
tfjo  unaiiied  eye,  wbich  pn»\^ed  to  be  the  long-songht 
planet,  liencef<iHli  to  be  known  us  Neptune.  To  the 
average  mind,  whieh  finds  something  altogether  mysti- 
fying a*>oiit  abstract  mathematics,  this  was  a  feat 
savoring  of  tlie  miniculous. 

Htimuhitetl  by  this  success,  Leverrier  calcuhited  an 
orbit  for  an  interior  planet  from  perturbations  of  Mer* 
cary,  Ijut  though  prematurely  christened  Vulcan,  this 
hy|Miitheticid  nurseling  of  the  sun  still  hainits  the  realm 
of  the  undiscovered,  along  with  certain  equally  hypo- 
thetical trans- Neptunian  planets  whose  existence  has 
been  suggested  l>y  ''residual  perturbntions"  of  Uranus, 
and  by  the  movements  of  comets.  No  other  veritable 
additions  to  the  sun's  pliinetary  family  have  l>een  made 
in  (»ar  century,  beyond  the  Hndingof  seven  sn»all  moons, 
wliicb  chietly  attest  the  advance  in  telescopic  powers. 
Of  these,  the  tiny  attendants  of  our  Martian  neighbor. 
iliscovered  by  Professor  Hail  with  the  great  Washington 
refractor,  are  of  greatest  interest,  because  of  their  small 
size  and  extremely  rapid  flight.  One  of  them  is  poised 
only  *5<M»0  miles  from  Mars,  and  whirls  about  him  almost 
four  times  as  fast  as  he  revolves,  seeming  thus,  as  viewed 
liy  the  Martian,  to  rise  in  the  west  and  set  in  the  east,  atitl 
making  the  month  only  one- fourth  ns  long  as  the  day. 

The  discovery  of  the  inner  or  crape  ring  of  Saturn, 
Tiiade  simultaneously  in  lJ?r>(>  by  William  C.  Bond,  at 
n  '  4»       *  . 
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the  Harvard  observatory,  in  America,  and  tbe  Ker. 
W,  K.  Dawes  in  England,  wtis  another  interesting  op 
tical  achievement;  but  our  most  im{>ortant  adFances 
in  knowledge  of  Saturn's  unique  system  are  due  to  the 
mathematician.  Laplace,  like  his  pretlecessom,  supposed 
theso  rings  to  be  solid,  and  explainetl  their  stability  as 
due  to  certain  irregularities  of  contour  which  Herschel 
had  pointed  out.  But  about  1851  Professor  Peirce  of 
Ilarvanl  showed  the  untenability  of  this  conclusion, 
proving  that  were  the  rings  such  as  Laplace  thought 
them,  they  must  fall  of  their  own  weight.  Then  Pro- 
fessor J,  Clerk  Maxwell  of  Cambridge  took  the  matter 
in  hand,  ami  his  analysis  reducetl  the  puzzling  rings  to  a 
cloud  of  meteoric  particles — a  *' shower  of  brickbats"— 
each  fragment  of  which  circulates  exactly  as  if  it  were 
an  independent  planet^  though  of  course  perturbal  and 
jn«tled  more  or  less  by  its  fellows.  Mutual  perturbations^ 
and  the  disturbing  pulls  of  Saturn's  orthodox  satellites, 
as  investigated  by  Max-well,  explain  nearly  all  the  phe- 
nomena of  the  rings  in  a  manner  highly  satisfactory. 

But  perhaps  the  most  interesting  accomplishments  of 
mathematical  astronomy — from  a  mundane  stand-point, 
at  any  mte— are  those  that  refer  to  the  earth *s  own 
satellite-  That  seemingly  staid  botly  was  long  ago 
discovered  to  have  a  propensity  to  gain  a  little  on  the 
earth,  appearing  at  eclipses  an  infinitesimal  raomeTit 
aheiwl  of  time.  Astronomers  were  sorely  puzzled  by 
this  act  of  insubordination;  but  at  last  I^plac©  and 
Lagrange  explained  it  as  due  to  an  oscillatory  change  in 
the  earth's  orbit,  thus  fully  exonerating  the  moon*  and 
seeming  to  demonstrate  the  absolute  stability  and  per- 
manence of  our  planetary  system,  which  the  moon's 
misbehavior  had  appeared  to  threaten. 
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This  higbly  sutis factory  conclusion  was  an  orthodox 
beJief  of  celestial  mechanics  until  1853,  when  Professor 
Adams  of  Nt^pteuiian  fume,  with  whom  complex  analyses 
were  a  pastitne,  reviewed  I/iplaee's  calculation,  and  dis- 
eoA'ereil  an  error,  which,  when  corrected,  left  about  iialf 
the  moon's  acceleration  unaccounted  for.  This  wiis  a 
momentous  discrepancy,  which  at  tirst  no  one  could 
exphiin*  But  presently  Professor  Helmholtz,  the  great 
(T*.Tman  physicist,  suggested  that  a  key  might  be  found 
in  tidal  friction,  whicli,  acting  iis  a  perj>etual  brake  on 
tlie  earth's  rotation,  and  affecting  not  merely  the  waters 
but  the  entire  suljstance  of  our  planeU  must  in  the  long 
sweep  of  time  have  changed  its  rate  of  rotation,  Tlius 
the  seeming  acceleration  of  the  moon  might  be  account- 
ed for  lis  actual  retainlation  of  the  earth's  rotation — ^a 
lengthen! lig  of  the  day  instead  of  a  shortening  of  the 
month. 

Again  the  earth  wsis  shown  to  be  at  fault,  but  this 
time  the  moon  could  not  be  exonerated,  while  the  esti- 
matetl  stabihty  of  our  system,  instead  of  being  reestab- 
liHhed,  was  quite  Ujiset.  For  the  tidal  retardation  is  not 
an  oscillatory  change  which  will  presently  correct  itself, 
like  the  orbital  wobble,  but  a  perpetual  ciiange,  acting 
always  in  one  direction.  Unless  fully  counteracted  by 
some  opposing  reaction,  therefore  (as  it  seems  not  to  be), 
the  effect  must  be  cumulative,  tlie  uUimate  consequences 
difiastrous.  The  exact  character  of  these  consequences 
was  first  estimated  by  Professor  G.  H.  Darwin,  in  1879, 
He  allowed  that  tidal  friction  in  retarding  the  earth 
iTMist  ako  push  the  moon  out  from  the  parent  planet  on 
a  spiral  orbit.  Plainly,  then,  the  moon  must  formerly 
hare  been  nearer  the  earth  than  at  present.  At  soine 
very  reiiiofe  |XM"iod  it  must  lia\^e  actually  touched  tlie 
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earth;  must,  in  other  wonl»i»  have  been  thro\rn  off  frum 
the  then  plastic  mass  of  the  earth,  as  a  jx>kp  buds  out 
from  its  parent  polvp.  At  that  time  the  earth  vvris  spin- 
ning about  in  a  ihty  of  from  two  to  four  lumrs. 

Now  the  dav  ima  been  lengtheneil  to  twentv-four 
hours^  and  the  moon  has  bf^^n  ihruHt  out  to  a  distance 
of  a  qitarler-miilion  miles;  but  the  end  is  not  yvU  The 
satne  progress  of  events  must  continue,  till,  at  some  re- 
mote perifxi  in  the  future,  tlie  day  hns  come  to  efpial 
the  month,  lunar  tidal  action  has  e(.Msed,  anil  one  face  nf 
the  earth  looks  out  always  at  the  m(M)n,  with  lb  at  same^ 
Hxt'd  stare  which  e%^en  now  the  moan  has  been  bmiight 
to  assume  towards  her  parent  orb,  ShonUl  we  clioose  to 
take  even  greater  lilierties  witli  the  future,  it  may  he 
made  to  ap|>ear  (though  some  astronomers  dissent  from 
this  prediction)  that,  as  solar  tidal  action. still  continues* 
the  day  must  finally  exceed  the  month,  and  lengtfien 
out  little  by  little  towards  coincidence  with  the  year; 
and  that  the  moon  meantime  must  pause  in  its  out  want 
flicfht,  and  come  swinginjiif  liack  an  a  descending  spiral, 
until  finally,  after  the  lapse  of  nntold  ii'ons,  it  |)loug!is 
and  ricochets  along  the  surface  of  the  earth,  and  plunges 
to  catastrophic  destruction. 

But  even  tliough  imagination  pause  far  short  of  this 
direful  culmination,  it  still  is  clear  that  modern  calcula 
tinns,  based  on  inexorable  tidal  friction,  surtico  to  revo- 
lutionize the  views  formerly  current  as  to  the  stability 
of  the  planetary  system.  The  eighteenth -century  math- 
ematician looke<l  upon  this  system  as  a  vast  celestial 
machine  which  had  been  in  existence  about  six  thousand 
yeai*s,  and  which  was  destined  to  rim  on  forever.  The 
analyst  of  to-tlay  computes  both  the  past  ami  the  future 
of  this  system  in  millions  instead  of  thousands  of  years, 
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yet  feels  well  assured  that  the  solar  system  offei-s  no 

ccmtracliction  to  those  laws  of  growth  ami  decay  uhicli 
seem  everywhere  to  represent  the  iminuUtblo  order  uf 

nature. 


n 
Until  the  mathematician  ferreted  out  the  secret,  it 
surely  never  could  have  been  suspected  by  any  one  that 
the  earth's  serene  attendant, 

•*Tlml  orbed  miiiden,  with  wliile  Arc  lutk-u, 
Whom  mortuls  cull  tbu  tnuoti/* 

coLiKI  bo  ])lotting  injury  to  her  parent  orb.  But  there 
is  another  inhabitant  uf  the  skies  whose  |>urposes  have 
not  been  similarly  free  from  popuhir  suspleion-  Needless 
to  say  I  refer  to  the  black  sheep  of  the  sidereal  family, 
that  '*  celestial  vagalxind  "  the  comets 

Time  out  of  mind  these  wanderers  have  been  sup- 
posed to  presage  war,  famine,  pestilence,  [lerhaps  the 
destmction  of  the  world.  And  little  wonder.  Here  is 
a  iKjdy  which  comes  flashing  out  of  boundless  space  into 
our  system,  shooting  out  a  pyrotechnic  tail  some  bun- 
ilreds  of  millions  of  miles  in  length  ;  whirling  perhaps 
through  the  very  atmosphere  of  the  sun  at  a  speed  of 
three  or  four  hundred  miles  a  second  ;  then  darting  off 
on  II  hyperbolic  orbit  that  forbids  ii  ever  to  return,  or 
iin  elliptical  one  that  cannot  be  closed  for  hundreds  or 
tlu>usands  of  years ;  the  tail  meantime  pointing  always 
away  from  the  sun,  and  fading  to  nothingness  as  the 
w«ird  voyager  recedes  into  the  spacial  void  whence  it 
came.  >*ot  many  times  net?d  the  advent  of  such  an  ap- 
parition coincide  with  the  outbreak  of  a  pestilence,  or 
the  death  of  a  Cffisar,  to  stamp  the  race  of  comets  as  an 
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ominous  clan  in  tbe  minds  of  all  snperstitious  genera* 
lions. 

It  is  true  a  hard  blow  was  struck  at  t!io  prestige  of 
these  iilltigtjii  su|>crniiturtil  agents  whuri  Newton  provtKi 
that  the  great  comet  of  lOso  obeye<l  Ke filer's  laws  in  its 
flight  about  the  sun ;  and  an  even  harder  one  wlien  the 
same  visitant  came  back  in  1758,  obedient  to  Halley's 
pretliction,  after  its  tlireei]uailer«  of  a  century  of  voy- 
aging out  in  the  abyss  of  space.  Pro  veil  thus  to  bow  to 
natural  law,  tbe  celestial  messenger  couhl  no  longer 
fully  sustain  its  role.  But  long-sUiDUing  nutoriety  can- 
not be  lived  down  in  a  day,  and  tlie  comet,  though 
proved  a  *'  natural  '■  object,  was  still  regurded  as  a  very 
menacing  one  for  auijtljcr  hundred  yeai-s  or  so.  It  re- 
mained fur  our  own  century  to  completely  unmask  the 
pretender,  and  show  how  egregiously  our  forebears  had 
been  deceived. 

The  unmasking  began  early  in  the  century,  when  Dr. 
Gibers,  then  the  highest  authority  on  the  subject,  ex- 
pressed the  opinion  that  the  s[>ectacular  tail,  which  had 
all  along  been  the  comet's  chief  stock  in  trade  ns  an 
earth -threatener,  is  in  reality  compfjsed  of  tlic  most 
lilray  of  vapors^  repelled  from  the  cometary  boiiy  by  the 
sun,  |iresumahly  through  **lectrica]  action,  witli  a  Veloc- 
ity comparable  to  that  of  light.  This  luminous  sug- 
gestion was  held  more  or  less  in  abeyance  for  half  a  cen- 
tury. Then  it  was  elaborated  by  Zrdlner,  and  particu- 
larly by  Bredichin,  of  tbe  Moscow  observatory,  into 
what  lias  since  been  regarded  as  the  most  plausible  of 
cometary  theories.  It  is  held  that  comets  and  the  sun 
are  similarly  electrified,  an<i  hence  mutually  repulsive. 
Gravitation  vastly  outmutcties  tiiis  repulsion  in  the 
body  of  the  comet,  but  yields  to  it  in  the  case  of  gases, 
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liociiuse  electrical  torce  varies  witli  the  siirfutie,  wliilo 
j^nivitation  varies  only  with  the  mass.  From  slmfj  of 
aiotnie  weights,  and  e^tiitiates  of  th«  velocity  of  thrust 
uf  cometary  tails,  Brutliohin  cuncladed  that  the  cljief 
ctimponents  of  ttte  varioUi*  kinds  of  tails  arc  liydro<^cti| 
hydrotmrlwng.  and  tliu  vai»or  of  iron;  and  spectroscopic 
analysis  goes  far  tijwanis  sustaining  tiiese  assuni[)tion». 

But,  theories  aside,  the  unsnbstantialneas  of  the  com* 
et*8  tail  has  been  put  to  a  conclusive  test.  Twice  durinij 
our  century  the  earth  has  actually  plunged  directly 
tljmugh  uno  of  these  threatening  appondagcs,  in  1810, 
and  again  in  186U  once  being  iromersed  to  a  depth  of 
some  3o0.0(j(t  tnilos  in  its  substance.  Yet  notiiing  dread- 
fal  happened  to  us.  There  was  a  peculiar  glow  in  the 
atmosphere,  so  the  more  imaginative  observers  tliought^ 
and  that  was  all  After  such  liascoes,  the  cometary 
train  ctjuld  never  again  pose  as  a  world-destroyer. 

But  the  full  measure  of  the  comet's  humiliation  is  not 
yet  told.  Tlie  pyrotechnic  tail,  composed  as  it  is  of  por- 
tions of  the  comet^s  actual  substance,  h  tribute  paid  the 
sun,  and  can  never  be  recovered.  Should  tho  oljetsance  to 
the  sun  be  many  times  repeat-ed,  the  train  forming  mate- 
rial will  be  exhaustctL  and  the  comet's  chiefest  glory  will 
have  departed*  Such  a  fate  has  actually  befallen  a  mul- 
titude of  comets,  which  Jupiter  and  the  other  outlying 
planets  have  dragged  into  our  system,  and  helped  the 
kin  to  hold  cjtptive  here.  Many  of  these  tailless  comets 
Tore  known  to  ibe  eigliteentb-century  astronomers,  hut 
no  on*>  at  that  time  sus|>ected  the  true  meaning  of  their 
cxjuditton.  It  was  not  even  known  how  closely  some  of 
them  are  enchained,  until  theGcmmn  astronomer  Encke, 
in  1«22.  showed  that  one  which  be  had  rediscovered,  and 
which  has  since  borne  his  name,  was  moving  in  an  orbit 
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so  contracted  that  it  must  complete  its  circuit  in  about 
three  and  a  half  years.  Shortly  afterwards  another 
cuiuet,  revolving  in  a  period  of  about  six  years,  uas  dis- 
cuvurod  by  BioU*  and  given  his  name.  Only  two  more 
of  these  short- period  comets  were  discovered  during  our 
first  half -cent  upy,  but  litlterly  they  have  been  shown  to 
l>y  a  numerous  family.  Kuarly  twenty  are  known  which 
tfie  giant  tlupiter  holds  so  close  that  tlie  utmost  refich  of 
their  eliiptical  tether  does  not  let  them  go  beyond  the 
orbit  of  Saturn,  These aforeti me  wanderers  have  aikpt 
ed  themselves  wonderfully  to  planetary  customs,  for  all 
of  them  revolve  in  the  same  direction  with  the  pianots, 
and  in  planes  not  wide  of  the  ecliptic. 

Checked  in  their  proud  hyf>erbolic  sweep,  made  ciij>- 
tive  in  a  planetary  net,  deprived  of  their  trains,  these 
quondam  free  lances  of  the  heavens  are  now  mere 
shadows  of  their  former  selves.  Considered  as  to  mere 
bulk,  they  are  very  substantial  shadows,  their  extent  be- 
in^  measui'od  in  hundreds  of  thousands  of  miles;  but 
their  actual  mass  is  so  slight  tliat  they  are  quite  at  the 
mercy  of  the  gravitation  pulla  of  their  captors.  And 
worse  is  in  stfire  for  them.  So  persistently  do  sun  and 
|>laneU  tug  at  them  that  they  are  doomed  presently  to 
be  torn  into  shreds. 

Such  a  fate  has  alreiidy  overtaken  one  of  them,  un<ier 
the  vory  eyes  of  the  astronomers,  within  tlie  relatively 
short  perif^Hl  during  which  these  ill-fated  comets  hnve 
\yeen  observed.  In  l^'.^'i  Biela's  comet  pnsse+J  quite  nerir 
the  earth*  as  fistronoraers  measure  distance,  and  in  doing 
80  created  a  panic  on  our  planet.  It  did  no  greater  harm 
than  that,  of  course,  and  passed  on  its  way  as  tisuah 
The  very  next  time  it  catne  within  telescopic  hail  it  was 
seen  to  have  broken  into  two  fragments.    Six  years  later 
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these  fragments  were  separated  by  miiny  millions  of 
miles;  and  in  1853,  when  the  comet  was  due  again,  as' 
tronotners  looked  for  il  in  vain.  It  had  been  coiuplutely 
sbablered. 

What  bad  become  of  the  fragments?  At  that  time 
no  one  positively  knew,  I3m  tlie  titiestioii  whe  Ut  be 
answeretl  presently.  It  chancetl  tliat  just  at  tiiis  perifxl 
azitronomers  were  paying  much  attention  to  a  class  of 
bodies  wliich  they  had  hitherto  somewhat  neglected,  the 
fa  mi  bar  shooting-stars  or  meteoj^.  The  studies  of  Pro- 
fessor Xewtoii  of  Y'ale  and  Professor  A(i:uns  of  Cum- 
brid^^  with  particular  reference  to  the  great  meteor- 
shower  of  November,  18Ht>,  which  Professor  Newton 
bad  prixlictcil,  and  shown  to  be  recurrent  at  intervals  of 
thirty -three  years,  showed  that  meteors  are  not  mere 
sporadic  swarms  of  matter  flying  at  random,  but  exist 
tn  isolated  swarms,  and  sweep  about  the  sun  in  regular 
elliptical  orbits. 

Presently  it  was  shown  by  the  Italian  astronomer 
Sch  in  parol  It  that  one  of  these  meteor  swarms  moves 
in  the  orbit  of  a  previously  observed  comet,  and  other 
coincidences  of  the  kind  were  soon  forthcoming.  The 
conviction  grew  that  meteor  swarms  are  really  the 
debris  of  comets ;  and  this  conviction  became  a  prac- 
tital  certainty  when,  in  November,  1872,  the  earth 
crossed  the  orbit  of  tlie  ill  starred  Brela,  and  a  shower 
of  meteors  came  whizxing  into  our  atmosphere  in  lieu  of 
the  loHt  comet. 

And  so  at  last  the  full  secret  was  out.  The  awe-inspir- 
ing oomet,  instead  of  being  the  planetary  body  it  had  all 
along  been  regardeiL  is  realty  nothing  more  nor  less 
than  a  great  aggregation  of  meteoric  particles,  which 
have  become  clustered  together  out  in  space  somewliere, 
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and  which  by  jostling  one  another  or  Lhroogh  elect ricti 
action  become  luminous,  tto  widely  are  the  individual 
particles  separated  that  the  cometary  body  as  a  whoh 
has  been  estimated  to  be  thouisands  of  liuies  lem  dvjm 
tlinn  the  earth's  atmosphere  at  seadevel.  Jienoe  th< 
ease  with  which  the  comet  may  be  dismembered  and  il 
particles  strunij  out  into  streaming  :»ivarms. 

So  thickly  is  the  B|>ace  we  traverse  strewn  with  ihij 
coinetary  dust  that  the  eurtb  sweeps  up,  aecurding  U 
Professor  Newcomb's  estimate,  a  million  tons  of  it  eaci 
day.  Each  individual  particle,  perhaps  nu  larger  thai 
a  millet  seed/ becomes  a  shooting-star  or  uiL'teor  as  il 
burns  to  vapor  in  the  earth's  Uf^per  atmosfihere.  And 
if  one  tiny  phinet  sweeps  up  such  masses  of  this  eosmioj 
matter^  the  amount  of  it  in  the  entire  stretch  of  our  sy 
tem  must  be  beyond  all  estimate.  What  a  story  it  telh 
of  tlie  myriads  of  cometary  victims  that  have  fallen  pi-^j 
to  the  sun  since  first  he  stretched  his  planetary  net  acroj 
the  heavens. 


m 

When  Biela's  comet  gave  the  inhabitants  of  the  cartl 
Buoh  a  fright  in  1832,  it  really  did  not  come  witliin 
lifty  millions  of  miles  of  us.      Even  tlio  grtmt  cornel 
til  rough  whose  lilmy  tail  the  earth  passed  in  i8fU  \vt\ 
itself  fourteen    millions   of    mites   away.     The  ordi- 
nary mind,   schooled    to  measure  space   by  the   tiny 
st retell es  of  a  pygmy  planet,  cannot  grasp  ttie  import  ol 
such  distances ;  yet  these  are   mere   units  of  measui 
compared   with   the  vast  stretches  of  sidereal  space,] 
Were  the  comet  which  hurtles  past  us  at  a  speed  of, 
&ay»  a  hundretl  miles  a  second  to  continue  its  mad  flight 
unchecked  straight  out  into  the  void  of  space,  it  must  flyj 
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on  its  frigid  way  eight  thousiiud  yeais  before  it  could 
reacb  the  very  uearesi  of  our  nuigbbur  stars ;  und  even 
then  it  would  bave  penetrated  but  u  mere  arm's-iengtli 
into  the  vistas  where  lie  the  dozen  or  so  of  sidereal  reBi- 
dents  that  ure  next  beyond*  Even  u>  the  trained  tnlnd 
such  distances  are  only  vaguely  imaginable.  Yet  the 
astronomer  of  our  century  has  reached  out  across  this 
unthinkable  void  and  brought  back  many  a  secret 
which  our  predecessors  thougitt  fore\'er  beyond  human 
grasp, 

A  tentative  assault  upon  this  etronghold  of  the  stars 
was  being  made  by  liersehel  at  the  beginning  of  the 
century.  In  1802  tliat  greatest  of  observing  astrono- 
mers  announced  to  the  Koyal  Society  his  discoveiy  that 
certain  double  stars  had  changed  their  relative  positions 

nvanls  one  another  since  he  first  carefully  charted 

lem  twenty  years  before.  Hitherto  it  had  been  sup- 
posed that  double  stars  were  mere  optical  effects.  Now 
it  became  clear  that  some  of  them,  at  any  i-ate,  are  true 
**  binary  systems,"  linked  together  presumably  by  gravi- 
tation, and  revolving  about  one  another.  Jlallcy  had 
shown,  three-quarters  of  a  century  before,  that  the  stars 
have  an  actual  or  ** pro}>er "  motion  in  space;  Iferschel 
himself  had  proved  that  the  sun  sliares  this  motion  with 
the  other  stars.  Here  was  another  shift  of  place,  hith- 
erto quite  nnsnspected,  to  be  reckoned  with  by  the  as- 
tronomer in  fathoming  sitiereal  secrets. 

When  John  IlerscheK  the  only  son  and  the  worthy 
successor  of  the  great  astronomer,  began  star-gazing  in 
earnest,  after  graduating  senior  wrangler  at  Cambridge, 
and  making  two  or  three  tentative  professional  starts  in 
other  directions  to  which  his  versatile  genius  impelled 
him,  his  first  extended  work  was  the  observation  of  hig 
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father's  double  stars.  His  studies,  in  which  at  first  he  had 
the  collaboration  of  Mr.  James  South,  brought  to  light 
scores  of  hitherto  unrecognized  pairs,  and  gave  fresh 
data  for  the  calculation  of  the  orbits  of  those  longer 
known.  So  also  did  the  independent  researches  of  F. 
G.  W.  Struve,  tlie  enthusiastic  observer  of  the  famous 
Russian  observutorv  at  the  university  of  Dorpat,  and 
subsequently  at  Pulkowa.  Utilizing  data  gathered  by 
these  observers,  M.  Savary  of  Paris  showed  in  1827  that 
the  observed  ellii)tical  orbits  of  the  double  stai-s  are  ex- 
plicable by  the  oitlinary  laws  of  gravitation,  thus  con- 
tinning  the  assumption  that  Newton's  laws  apply  to 
these  sidereal  bodies.  Henceforth  there  could  be  no 
reason  to  doubt  that  the  same  force  w^iich  holds  terres- 
trial objects  on  our  globe  pulls  at  each  and  every  par- 
ticle of  matter  throughout  the  visible  universe. 

The  [)ionccr  explorers  of  the  double  stars  early  found 
that  the  systems  into  which  the  stars  are  linked  are  by 
no  means  confined  to  single  pairs.  Often  three  or  four 
stars  are  foun<l  thus  closel}^  connected  into  gravitation 
systems;  indeed,  there  are  all  gradations  between  bi- 
nar}^  systems  and  great  clusters  containing  hundreds  or 
even  thousands  of  membei's.  It  is  known,  for  example, 
that  the  familiar  cluster  of  the  Pleiades  is  not  merely 
an  optical  grouping,  as  was  formerly  suj^posed,  but  an 
actual  federation  of  associated  stars,  some  2500  in  num- 
ber, only  a  few  of  which  are  visible  to  the  unaided  eye. 
And  the  more  carefull}'  the  motions  ot  the  stars  are 
studied,  the  more  evident  it  becomes  that  widely  sepa- 
rated stars  are  linked  together  into  infinitely  complex 
systems,  as  yet  but  little  undei*stood.  At  the  same  time 
all  instrumental  advances  tend  to  resolve  more  and  more 
seemingly  single  stains  into  close  pairs  and  minor  clus- 
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ters.  The  two  Herscbela  belneen  them  disco vered 
some  thoasaotis  of  these  close  multiple  systems ;  StruFe 
and  others  increased  the  list  to  above  ten  thousand ; 
and  Mr.  S,  W*  Burnham,  of  late  years  the  most  entlmsi- 
astic  and  successful  of  double -star  pursuers,  added  a 
thousand  new  discoveries  while  he  was  still  an  amateur 
in  astronomy,  and  by  profession  the  stenographer  of  a 
Chicago  court.  Clearly  the  actual  number  of  multiple 
stars  is  beyond  all  present  estimate. 

The  elder  Ilerschers  early  studies  of  double  stars 
were  undertaken  in  the  hope  that  these  objects  niigfit 
aid  him  in  ascertaining  the  actual  distance  of  a  star, 
through  measurement  of  its  annual  parallax ;  that  is  to 
say,  of  the  angle  which  the  diameter  of  the  earth's  orbit 
would  subtend  as  seen  from  the  star.  The  expectation 
was  not  fulfilled.  The  apparent  shift  of  position  of  a 
^tar  as  viewed  from  opposite  sides  of  the  earth's  orbit, 
from  which  the  parallax  might  be  estimated,  is  so  ex- 
tremely minute  that  it  proved  utterly  inappreciable, 
.even  to  the  almost  preternatural ly  acute  vision  of  Her- 
shel,  with  the  aid  of  any  instrumental  means  then  at 
command.  So  the  problem  of  star  distance  allured  and 
eluded  him  to  the  end,  and  he  died  in  1S22  without  see* 
ing  it  even  in  prosi^ect  of  solution.  Ilis  estimate  of  the 
minimum  distance  of  the  nearest  star,  based  tliough  it 
was  on  the  falhiciotis  test  of  apparent  brilliancy,  waa  a 
singularly  sagacious  one,  but  it  was  at  Itest  a  sciontifiG 
guess,  not  a  scientific  measurement. 

Just  about  this  time,  however,  a  great  optician  came 
t^  the  aid  of  the  lustrononiers.  Joseph  Fniunhofer  per- 
fected the  refract  ing  telescope,  as  Herschol  h;)d  f>erfectetl 
the  retloctor,  and  invented  a  wonilerfully  accurate  *'he- 
liometer/"  or  sun  measurer.    With  the  aid  of  these  in- 
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atruments  the  old  and  almost  infinitely  difficult  probh 
of  star  distance  was  solved.  In  1838  Bessel  anuonncedi 
from  the  Konigsberg  observatory  that  he  had  succeeded, 
after  months  of  effort,  in  detecting  and  measuring  the 
parallax  of  a  star.  Similar  claims  hmi  been  made  often 
enough  before,  always  to  prove  falhicious  when  put  taj 
further  test;  but  this  time  the  announcement  carried} 
the  authority  of  one  of  the  greatest  astronomers  of  tha] 
age,  and  scepticism  was  silenced. 

Xor  did  Bessel'a  achievement  long  await  corrobora- 
tion. Indeed,  as  so  often  happens  in  fields  of  discor- 
ery»  two  other  workers  had  almost  sin)ultuneously 
solved  the  same  problem^^truve  at  Pulkowa,  where 
the  great  Kussian  observatory,  whicli  so  long  ijeld  the 
pahu  over  all  others,  had  now  been  established ;  and 
Thomas  Henderson^  then  working  at  the  Cape  of  Good 
Hope,  but  afterwards  the  Astronomer  Royal  of  Scotland. 
Henderson's  observations  had  actual  precedence  in  point 
of  time,  but  BesseFs  measurements  were  so  mucli  more 
numerous  and  authoritative  that  he  has  been  uniformly 
considered  as  deserving  the  chief  ci^dit  of  the  discovery, 
which  priority  of  publication  secured  him. 

By  an  odd  chance,  the  star  on  which  Henderson^s  ob- 
servations were  made,  and  consequently  the  first  star  the 
parallax  of  which  was  ever  measured,  is  our  neaiHJst 
neighbor  in  sidereal  space,  being,  indeed,  some  ten  bill- 
ions of  miles  nearer  than  the  one  next  lieyond*  Yet 
even  this  nearest  star  Is  more  than  200,000  times  as  re- 
mote from  us  as  the  sun.  The  sun's  light  flashes  to  the 
earth  in  eight  minutes,  and  to  Neptune  in  about  three 
and  a  half  hours,  but  it  i-equites  three  and  a  half  years 
to  signal  Alpha  Centauri,  And  as  for  the  great  major- 
ity of  the  stars,  had  they  been  blotted  out  of  existence 
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before  the  Christian  era,  we  of  tcxljiy  should  still  re- 
ceiire  tbeir  light  ami  seem  to  see  thorn  just  iis  wo  do. 
When  we  look  up  to  the  aky,  we  stufly  ancient  history ; 
we  do  not  see  the  stars  as  they  are,  but  as  they  tmre 
vear«j  centuries,  even  millennia  ago. 

The  information  deriveil  from  the  parallax  of  a  star 
by  no  means  baits  with  the  disclosure  uf  the  distance  of 
that  body.  Distance  known,  the  proper  motion  of  the 
slur,  hitherto  only  to  be  rec*koned  iis  so  many  seconds  of 
arc,  may  readily  be  translated  into  actual  speed  of  prog- 
ress ;  relative  brightness. becomes  absolute  lustre,  ascom- 
pare<I  nitli  tlio  sun  f  and  in  the  case  of  the  double  stars 
tlic  absolute  mass  of  the  components  may  Im  computed 
from  the  laws  of  gravitation.  It  is  found  that  stars 
differ  enormously  among  themselves  in  all  these  regards. 
As  to  ftpeed,  some,  like  our  sun,  barely  creep  through 
8paee^-com|mssing  ten  or  twenty  miles  a  second,  it  is 
true,  yet  even  at  that  rate  only  passing  through  the 
ef|uivalent  of  their  own  diameter  in  a  day.  At  the 
otiier  extreme,  among  measured  stars,  is  one  that 
moves  two  hundred  miles  a  second  ;  yet  even  this  **  fly- 
ing star,"  as  seen  from  the  earth,  seems  to  change  its 
place  by  only  about  three  and  a  half  lunar  diameters 
in  a  thousand  years.  In  brightness,  some  stai-s  yield  to 
the  sun,  while  others  suquiss  him  as  the  arc-light  sur- 
passes a  candle.  Aj^turus,  the  brightest  measured  star, 
shines  like  two  hundred  suns ;  and  even  this  giant  orb 
is  dim  Ijestde  those  other  stai*s  which  are  so  distant  that 
their  parallax  cannot  be  meitsureil,  yet  wtjich  greet  our 
eyes  at  lirst  magnitude.  As  to  actual  bulk,  of  which 
apparent  lustre  furnisfies  no  adequate  test,  some  stars 
are  gmutler  than  the  sun,  while  others  exceed  him  hun- 
dreds or  perhaps  thousands  **f  llmm.     Yet  one  and  all, 
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so  distant  are  they,  remain  mere  diskless  poinls  of  light 
before  the  utmost  powers  of  the  mudeni  telescojjc. 

All  this  seems  wonderful  enougbj  but  even  greater 
things  ivei-e  in  store.  In  IS5&  the  s[jectroscoj>e  came 
upon  the  scene,  j)erfected  by  Kirch hoff  and  Bunsen, 
along  lines  pointed  out  by  Fraunhofer  alioost  half  a 
century  before.  Tljat  marvellous  instrument,  by  reveal- 
ing the  telltale  lines  sprinkled  across  a  prismatic  spec- 
truni,  discloses  the  eheiuical  nature  and  pliysical  t^iundi- 
tion  of  any  substance  whose  light  is  submitted  to  it, 
teUing  its  story  equally  well,  provided  the  light  be 
strong  enough,  whether  the  luminous  substance  be  near 
or  fur — in  the  same  room  or  at  the  confines  of  space. 
Clearly  such  an  instrument  must  prove  a  veritable  luagio 
wand  in  the  hands  of  the  astronomer. 

Very  soon  eager  astronomers  all  over  the  world  were 
putting  the  a|)ectroscope  to  the  test.  Kirchhoff  himself 
letl  the  waVj  and  Donati  and  Father  Secchi  in  Italy^ 
Huggins  and  Miller  in  England,  and  Katherfurd  in 
America,  were  the  chief  of  his  immediate  followei's. 
The  results  exceeded  the  dreams  of  the  most  visionary. 
At  the  very  outset,  in  1860,  it  was  shown  that  such 
common  terrestrial  substances  as  sodiniu,  iron,  calcium, 
magnesium,  nickel,  barium,  cop|ier,  antl  zinc  exist  iti  tlie 
form  of  glowing  vapors  in  the  sun,  an*i  very  soon  tU© 
stars  gave  up  a  corras()onding  secret.  Since  then  the 
work  of  solar  and  sidereal  analysis  has  gone  on  steadily 
in  the  hands  of  a  multitude  of  worliers  (prominent 
among  whom,  in  this  country,  are  Professor  Young  of 
Princeton,  Professor  Langley  ot  Wasliington,  and  Pi^o- 
fessor  Pickering  of  Harvard),  and  more  than  half  the 
known  terrestrial  elements  have  been  definitely  located 
in  the  sun»  while  fresh  discoveries  are  in  prospect* 

70 


TtlE  CENTUHY'9   rROGEESS   IN   A8TH0N0MY 

It  is  truo  tite  sun  also  con  tains  some  seeming  elements 
that  ure  unknown  on  the  eiirth,  but  this  is  no  matter  for 
BUTpriae.    The  modern  chemist  Piakes  no  claim  for  hia 
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elements  except  that  they  have  thus  far  resisted  all 
human  efforts  to  dissociate  them  ;  it  wnukl  be  nothing 
strange  if  some  of  thum,  when  subjected  to  the  crucible 
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of  the  suHj  which  is  seen  to  valorize  iron,  nickel,  sflicon, 
sliould  fail  to  withstand  tb©  test.  But  again,  chemistry 
has  by  no  means  exhausted  the  resources  of  the  earth's 
supply  of  raw  material,  and  the  substance  which  sends 
its  message  frum  a  star  may  exist  undiscovered  in  the 
dust  we  tread  or  in  the  air  we  breathe.  Only  last  year 
two  new  terrestrial  elements  were  discovered;  but  one 
of  these  had  for  years  been  known  to  the  astronomer  as 
a  solar  nnd  suspected  as  a  stellar  element,  and  named 
helium  because  of  its  abundance  in  the  sun.  The  si>ec- 
troscope  had  reached  out  millions  of  miles  into  space 
and  brought  back  this  new  element,  and  it  tot>k  the 
chemist  a  score  of  yearn  to  discover  that  he  had  all 
along  had  samples  of  the  same  substance  unrecognized 
in  his  sublunary  hihoi-atory.  There  is  hardly  a  more 
picturesque  fact  than  that  in  the  entire  history  of 
science. 

But  the  identity  in  substance  of  earth  and  sun  and 
stara  was  not  more  clearly  shown  than  the  diversity  of 
their  existing  pljysical  conditions-  It  was  seen  tiiat  sun 
and  stars,  far  from  being  the  cool,  earth  like,  tjabitable 
bodies  that  Tlerschel  thought  them  (surixtundeil  by 
glowing  clouds,  and  protected  from  undue  heat  by  other 
clouds),  are  in  truth  seething  caldmns  of  Hery  liquid,  or 
gas  made  viscid  by  condensation^  with  lurid  envelopes 
of  belching  flames.  It  n'as  stwn  made  clear,  also,  par- 
ticuhirly  by  the  studies  of  Rutherfurd  and  of  Seech i, 
that  stars  diflfer  among  themselves  in  exact  constitution 
or  condition.  There  are  white  or  Sirlan  stars,  whose 
8|>ectrum  revels  in  the  lines  of  hydrogen;  yellow  or 
sohir  stars  (our  sun  being  the  type),  showing  various 
metallic  vapors;  and  sundry  red  stars,  with  banded 
spectra  indicative  of  carbon  compounds;  besidest  the 
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purely  gaseous  sUirs  of  morB  recent  discjovery,  which 
Professor  Pickeiing  had  specially  studied,  ZoUner's 
famous  interpretation  of  these  diversities,  as  indicutive 
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of  varying  stages  of  cooling,  has  been  called  in  question 
as  to  the  exact  sequence  it  posluhiteB,  but  the  general 
jrroposixion  that  ittiirs  exist  under  widely  varying  condi- 
tions of  tem|K)mturo  is  fiardly  in  diBi)ute. 
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The  assumption  that  different  star  types  mark  rary- 
ing  stages  of  vooVmg  has  the  further  support  of  mtxlern 
physics,  which  has  been  unable  to  demoDStrata  any  way 
in  which  the  sun's  radiated  energy  may  be  restored,  or 
otherwise  raade  perpetual^  since  meteoric  impact  has 
been  shown  to  be— under  existing  conditrons  at  any 
rate — inadequate.  In  accordance  %vitb  the  theory  of 
Helmholtx,  the  chief  supply  of  solar  energy  is  held  to 
be  contraction  of  the  solar  muss  itself,  and  plaiidy  this 
must  have  its  limits.  Tberefore,  unless  some  means  as 
yet  unrecognized  is  restoring  the  lost  enei^y  to  the 
stellar  bodies,  each  of  them  must  gradually  lose  its  lus- 
tre, aud  come  to  a  condition  of  solidificiition.  seeminfr 
sterility,  and  frigid  darkness.  In  the  case  of  our  own 
particular  star,  according  to  the  estimate  of  Lord  Kel- 
vin, such  a  culmination  appears  likely  to  occur  within  a 
perioil  of  live  or  six  million  years. 

But  by  far  the  strongest  support  of  such  a  forecast  as 
this  is  furnished  by  those  stellar  bodies  which  even  now 
appear  to  have  cooled  to  the  final  stage  of  star  develop- 
ment and  ceased  to  shine.  Of  this  class  examples  in 
miniature  are  furnished  by  the  earth  and  the  smaller  of 
its  companion  planets.  But  there  are  larger  bodies  of 
the  same  type  out  in  stellar  space — veritable  "dark 
stars  "invisible,  of  course,  yet  nowadays  clearly  recog- 
nized. 

The  opening  up  of  this  ** astronomy  of  the  invisible" 
is  another  of  the  great  achievements  of  our  century,  and 
again  it  is  Bessel  to  wljom  the  honor  of  discovery  is  due. 
While  testing  liis  stars  for  parallax,  that  astute  observer 
was  led  to  infer,  from  certain  unexplained  aberrations  of 
motion,  that  various  stars,  Sirius  himself  among  the 
number,  are  accompanied  by  invisible  companions,  and 
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in  1840  he  definitely  predicatefl  the  existence  of  such 
''diirk  stars.*'  The  correctness  of  the  inference  was 
sfiown  twenty  ^^ears  later,  when  Alvan  Clark,  Jun,,  the 
American  optician^  while  testing  a  new  lens,  discovered 


ST  A II  SPIiCTBA 


the  companion  of  SiriaB,  which  proved  thns  to  be  faintly 
tu  mi  nous.  Since  then  the  existence  of  other  and  quite 
invi^ihlc  star  companionB  has  been  proved  incontestably, 
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not  merely  by  renewed  telescopic  observations,  but  by 
tlie  curious  testimony  of  the  ubiquitous  spectroscope. 

One  of  the  most  surprising  accomplish  men  is  of  that 
instrument  is  the  power  to  record  the  flight  of  a  himinoua 
object  directly  in  the  line  of  vision.  If  the  luminous 
hotly  approaches  swiftly,  its  Fraunhofer  lines  are  shifted 
from  their  normal  position  towards  the  violet  end  of  the 
spectrum ;  if  it  recedes,  the  lines  shift  in  the  opposite 
direction.  The  actual  motion  of  stars  whose  distance  is 
unknown  may  be  measured  in  this  way.  Jiut  in  certain 
coses  the  light  lines  are  seen  to  oscillate  on  the  s|>ectrum 
at  regular  intervals.  Obviously  the  star  sending  such 
light  is  alternately  approactiing  and  recetling,  and  the 
inference  that  it  is  revolving  about  a  companion  is  una- 
voidable. From  this  extraordinary  test  the  orbital  dis- 
tance, relative  mass,  and  actual  speed  of  ixjvoluticm  of 
the  absolutely  invisible  body  may  be  determined.  Thus 
the  spectroscope,  which  deals  only  with  light,  makes 
paradoxical  excursions  into  the  realm  of  the  invisible* 
What  secrets  may  the  stars  hope  to  conceal  when  quea- 
tioaed  by  an  instrument  of  such  necromantic  power? 


IT 

But  the  spectroscope  is  not  alone  in  this  audacioi 
assault  u|X)n  the  strongholds  of  nature.   It  has  a  worthy 

companion  and  assistant  in  the  j>tiatographic  film,  whoso 
efficient  aid  has  been  invoked  by  the  astronomer  even 
more  recently.  Pioneer  work  in  celestial  photography 
was,  indeed,  done  by  Arago  in  France  and  by  the  elJer 
Draper  in  America  in  1839,  but  the  results  then  achieved 
were  only  tentative,  and  it  was  not  till  forty  years  later 
that  the  method  assumed  really  important  proportions. 
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In  18S0  Dr.  Henry  Draper,  at  Hastings-on-tbe- Hudson, 
rnade  tbe  first  successful  photograph  of  a  nebula.  Soon 
after,  Dt\  David  Gill  at  the  Cape  obserratorr,  made  liiie 
photographs  of  a  comet>  and  the  fleelis  of  starUgirt  on 
his  phites  first  suggested  the  possibilities  of  this  inetho<l 
in  charting  the  bearens. 

Since  then  star-charting  with  the  film  has  come  to 
virtually  supersede  the  old  method.  A  concerted  efTurl  is 
being  made  b}^  astronomei^  in  various  parts  of  the  world 
U)  make  a  complete  chart  of  the  heavens,  and  before 
the  close  of  our  century  this  work  will  be  accomplished, 
some  fifty  or  sixty  millions  of  visible  stars  being  placed 
on  reconl  with  a  degree  of  accuracy  hitherto  unapproacb- 
able.  Moreover,  other  millions  of  stars  are  brooght  to 
iight  by  tbe  negative  which  are  too  distant  or  dim  to  be 
visible  with  any  telescopic  powers  yet  attained— a  fact 
which  wholly  discredits  all  previous  inferences  as  to  the 
limits  of  our  sidereal  system,  Ilence,  notuilhstanding 
the  wonderful  instrumental  advances  of  our  century, 
knowleilge  of  the  exact  form  and  extent  of  our  universe 
seems  more  unattainable  than  it  seemed  a  century  ago. 

Yet  the  new  instruments,  while  leaving  so  much 
untold,  have  revealed  some  vastly  imjiortant  secrets  of 
cosmic  structure.  In  particular,  they  have  set  at  rest 
the  long-standing  doubts  as  to  the  veiil  structure  and 
position  of  tlie  mysterious  nebuliB— tliose  hazy  masses, 
only  two  or  three  of  them  visible  to  the  imaided  eye, 
which  the  telescope  reveals  in  almost  limitless  abundance, 
soatteretl  everywhere  among  the  stars,  but  grouped  in 
piirtttudar  al>out  the  poles  of  the  stellar  stream  or  disk 
which  we  call  the  Milky  Way. 

Herschei's  later  view,  which  held  that  some  at  least 
of  the  nebulie  are  composed  of  a  *'stjining  fluid,"  in 
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process  of  condensation  to  form  stars,  was  generallj 
accepted  for  almost  half  a  century.     But  in  18-14,  whei 
Lord  Rosse's  great  six-foot  rofleetor— tbe  largest  tele- 
scoj>e  ever  yet  constructed— was  turned  on  the  nebula?^ 
it  matle  tbis  hypothesis  seem  very  doubtful.     Just  as 
Galileo's  first  lens  had  resolved  the  Milky  Way  into 
stars,  just  as  flerschel  had  resolved  nebulae  tliat  resisted 
all  instriiinents  but  his  own,  so  Lord  Kosse's  even  greater 
reflector  resolved  others  that  would  not  yield  to  Her-| 
scheFs  largest  mirror.     It  seemed  a  fair  inference  tbati 
with  sufficient  [xiwer,  perhaps  some  day  to  be  attained, 
all  nebulas  would  yield,  hence  that  all  are  in  reality 
what  rierschel  had  at  first  thought  them— vastly  distant 
*'  island  universes,-'  composed  of  aggregations  of  stars,  ^ 
comparable  to  our  own  galactic  system.  H 

But  the  inference  was  wrong;  for  when  the  spectro- 
scope  was  first  applied  to  a  nebula  in  18**4,  by  Dr.  Ilug- 
gins,  it  clearly  showed  the  spectrum  not  of  discrete  stars»  ^ 
bub  of  a  great  mass  of  glowing  gases,  hydrogen  among  ^| 
othei's.  More  extended  studies  showed,  it  is  true,  that 
some  nebulas  give  the  continuous  spectrum  of  solids  or 
liquiils,  but  the  different  types  intermingle  and  grade 
into  one  another.  Also,  the  closest  affinity  is  shown  be- 
tween nebula^  and  stars.  Some  nebidic  are  found  to 
contain  stars,  singly  or  in  groups,  in  their  actual  midst; 
certain  condensed  *^ planetary"  nebnla3  are  scarcely  to 
be  distinguished  from  stai-s  of  the  gaseous  tyj>e;  and  re- 
cently the  photographic  film  has  shown  the  presence  of 
nebulous  matter  about  stare  that  to  telescopic  vision  tWU 
fer  in  no  respect  from  the  generality  of  their  fellows  in 
the  galaxy.  The  familiar  starH  of  the  Pleiades  chmter, 
for  example. appear  on  the  negative  iuuneri^ed  in  a  fiazy 
blur  of  light.    All  in  all|  the  accumulated  impresdons  of 

m 


THH:  \<E\.  YORK 

PL) L Lie  LH^riAAi 


AST"*}.  LFNOX  ANO 
TSLf  LK   r    JNOATJftrja. 


TUB  CENTURY'S  rUOGItESi^   IN  ASTUONOMY 


the  photographic  film  reveal  a  prcHligality  of  nebulous 
matter  in  the  stellar  system  not  hitherto  even  con- 
jecturetl. 

Ami  so.  of  course,  all  question  of  '*  island  universes" 
vanifittes,  an»J  tbe  nebulfc  are  relegated  to  their  true  po 
sit  ion  as  component  parts  of  tlie  one  stellar  system— the 
one  universe— that  is  open  to  present  human  inspection. 
And  these  vast  clouds  of  world-stuff  have  been  found 
by  Professor  Keeh*r,  of  the  Lick  01>st*rvntor3%  to  be 
lloating^  til  rough  space  at  the  sturlike  speed  of  from  ten 
to  thirty-eight  miles  per  second. 

Tim  linking  of  nebula?  with  stars,  so  clearly  evi* 
doncetl  by  ail  these  mitdern  observ fit  ions,  is,  nfkT  all, 
only  the  scientific  corrolMiration  of  what  tlie  cMer  Iler- 
schePs  later  theories  affirmed.  But  the  nebulm  have 
other  alTiiiities  not  until  recently  susf)octed ;  for  the 
s[>eetra  of  somn  of  them  are  practically  identical  with 
Ibe  spectra  of  certain  comets.  The  conclusion  seems 
warmnted  that  comets  are  in  point  of  fact  minor  nehu- 
\m  that  arc  drawn  into  our  system  ;  or,  patting  it  other* 
wise,  that  the  telescopic  nebuloo  are  simply  gigantic  dis- 
tant comets. 

Following  up  the  supristng  clews  tlius  suggested,  Mr. 
J.  Norman  Lockyer,  of  lx>ndon,  has  in  recent  years 
elaborated  what  is  perphaps  the  most  comprehensive 
cosmogonic  guess  that  has  ever  been  attcin|>tGd.  His 
theory,  known  as  the  **  meteoric  hypothesis/*  probably 
bears  the  same  relation  to  the  speculative  thought  of 
our  titne  that  thenelmlar  hypothesis  of  Laplace  bore  to 
that  of  tlie  eighteenth  century.  Outlined  in  a  few 
words,  it  is  un  attempt  to  explain  all  the  ranjor  phe- 
nomena  of  the  universe  m  clue,  directly  or  indirectly,  to 
the  gravitational  impact  of  such  meteoric  pjirticles,  or 
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specks  of  cosmic  dust,  as  comets  are  composed  of.  Neb- 
ulae are  Tast  oometary  clouds^  witb  particles  more  or 
less  widely  separated,  giving  off  gasea  through  meteoric 
collisions,  internal  or  external,  and  perliaps  glowing  also 
with  electrical  or  plii>8phorescent  light.  Gravity  erentu. 
ally  brings  the  nebular  particles  into  closer  aggregations, 
and  increased  collisions  finally  vajKirize  the  entire  mass, 
forming  planetary  nebulse  and  gaseous  stars.  Contin- 
ued condensation  may  make  the  stellar  mass  hotter  and 
more  luminous  for  a  time,  but  eventually  leads  to  its 
IkpiefactJon,  and  ultiniate  consolidation — the  aforetime 
nebnlic  becoming  in  the  end  a  dark  or  planetary  star. 

The  exact  correlation  which  Mr.  I^ckyer  atteiTipts  to 
point  out  between  successive  stages  of  mfit<?onc  con- 
densation and  the  various  types  of  otiserved  stellar  bu+1* 
ies  does  not  meet  with  unanimous  acceptance.  Mr* 
Ranyard,  for  example,  suggest!^  that  the  visible  nebula^ 
may  not  be  nascent  stare,  but  emanations  from  stars, 
and  that  the  true  pre-stellar  nebuho  are  invisible  until 
condensed  to  stellar  |>ro portions.  But  such  details  aside, 
the  hroad  general  hypothesis  that  all  the  bodies  of  the 
universe  are,  so  to  speak,  of  a  single  species— ttiat  nel> 
uiae  (including  comets),  stars  of  all  types,  and  planets, 
are  but  varying  stages  in  the  life  history  of  a  single 
race  or  ty|>e  of  cosmic  organisms— is  acceptetl  by  the 
dominant  thought  of  our  time  as  having  the  highegt  war- 
rant of  scientific  probability. 

All  this,  clearly,  is  but  an  amplification  of  that  nebu- 
lar hyjxjtiiesis  which,  long  before  the  spectroscope  gave 
us  war*rant  to  accurately  judge  our  sidereal  neigh liors, 
had  boldly  imagined  the  development  of  stars  out  of 
nebular  and  of  planets  out  of  stars.  Out  Mr.  Lnckyer's 
hypothesis  does  not  stop  with  this.     Having  traced  the 
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teTeloptiiental  process  from  ibe  nebala  to  the  ilmrk  star, 
it  sees  no  caase  to  abandoii  this  dark  suir  to  its  fiiio  by 
assuiniiig,  as  the  original  sf>eeulation  assutiieil,  thai  this 
is  a  culminuting  and  final  ^lage  of  cosmic  cxistencu. 
For  th«  dark  star,  though  its  molecular  activities  have 
come  tu  relative  stability  and  iitipoteiioe.  still  itnains  tlie 
enormous  potentialities  of  molar  motion ;   and  clearlj, 
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where  motion  is,  stasis  is  not*  Sooner  or  later,  in  its 
ceaseless  tlight  through  space,  the  dark  stiir  must  col- 
lide with  sonie  other  stellar  botly,  ^s  Dr.  CroU  imagines 
of  the  dark  bodies  which  bis  *'  pre-nebufar  theory  "  pos- 
tulates. Such  collision  may  be  long  delayed ;  tlie  dark 
star  may  be  drawn  in  coraetliko  circuit  about  tliuusands 
of  other  stellar  masses,  and  be  hurtled  on  thousands  of 
div^erse  parabolic  or  elliptical  orbits,  before  it  chances  to 
cblllde — but  that  matters  not:  "billions  are  the  units i 
in  the  arithmetic  of  eternity/'  and  sooner  or  latcr^wel 
can  hardly  doubt,  a  collision  must  occur.  Then  without 
question  the  mutual  impact  must  shatter  both  colliding 
bodies  into  vapor,  or  vapor  combined  with  nieteoHc 
fragments ;  in  short,  into  a  veritable  nebuhi,  t!ie  matrix 
of  future  worlds.  Thus  the  dark  star,  which  is  the  last 
terra  of  one  series  of  cosmic  changes,  becomes  the  first 
term  of  another  series — at  once  a  post-nebular  and  a  pre- 
nebulur  condition  ;  and  the  nebulur  hypothesis,  thus  am* 
pltHed^  ceases  to  be  a  mere  linear  scale,  and  is  rounded 
out  to  connote  an  unending  series  of  cosmic  cycles,  moi*e 
nearly  satisfying  the  imagination. 

In  this  extended  view,  nebulas  and  luminous  stars  are 
but  the  infant iJe  and  adolescent  stages  of  the  life  his- 
tory  of  the  cosmic  individual;  the  dark  star,  its  atlult 
Btuge,  or  time  of  true  virility.  Or  we  may  think  of  the 
slirunken  dark  star  as  the  germ-cell,  the  pollen-grain,  of 
the  cosmic  organism.  Heduced  in  size,  as  becomes  a 
germ-cell,  to  a  mere  fraction  of  the  nebular  bmly  from 
wdiich  it  sprang,  it  yet  retains  within  its  seemingly  non- 
vital  body  all  the  potentialities  of  the  original  organism, 
and  recpiii^s  only  to  blend  with  a  fellow-cell  to  bring  a 
new  generation  into  being.  Thus  may  the  cosmic  race, 
whose  aggregate  census  makes  up  the  stellar  universe, 
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be  perpetuated — individaal  solar  systems,  such  as  ours, 
being  born,  and  growing  old,  and  dying  to  live  again  in 
their  descendants,  while  the  universe  as  a  whole  main- 
tains its  unified  integrity  throughout  all  these  internal 
mutations — passing  on,  it  may  be,  by  infinitesimal  stages, 
to  a  culmination  hopelessly  beyond  human  compre- 
hension. 


CHAPTER  m 
THE  CENTURY'S  PROGRESS  IN  PALEONTOLOGY 


Ever  since  Leonardo  da  Vinci  first  recognized  the 
true  character  of  fossils,  there  had  been  here  and  there 
a  man  who  realized  that  the  earth's  rocky  crust  is  one 
gigantic  mausoleum.  Here  and  there  a  dilettante  had 
filled  his  cabinets  with  relics  from  this  monster  crypt; 
here  and  there  a  philosopher  had  pondered  over  them — 
questioning  whether  perchance  they  had  once  been  alive, 
or  whether  they  were  not  mere  abortive  souvenirs  of 
that  time  when  the  fertile  matrix  of  the  earth  was  sup- 
posed to  have 

"teemed  at  a  birth 

Innuinerous  living  creatures,  perfect  forms, 

Limbed  and  full-grown." 

Some  few  of  these  philosophers — as  Robert  Hooke  and 
Steno  in  the  seventeenth  century,  and  Moro,  Leibnitz, 
Buffon,  Whitehurst,  Werner,  Hutton.  and  others  in  the 
eighteenth — had  vaguely  conceived  the  importance  of 
fossils  as  records  of  the  earth's  ancient  history,  but  the 
wisest  of  them  no  more  suspected  the  full  import  of  the 
story  written  in  the  rocks  than  the  average  stroller  in  a 
modern  museum  suspects  the  meaning  of  the  hieroglyphs 
on  the  case  of  a  mummy. 


THE  CENTUHY'S   rUOOHIXS   IN   PALKUxVToLOGV 

It  was  not  that  the  rudiments  of  this  story  are  so  very 
hard  to  decipher— though  in  truth  they  aro  hard  enough 
—but  rather  that  the  men  who  made  the  attempt  bad  all 
along  viewed  tlie  subject  through  an  atniospliere  of  pry- 
conception,  which  gave  a  distorted  image,  Befofe  tliis 
image  could  be  corrected  it  was  necessai^y  thut  a  man 
sliould  appear  who  could  see  without  pi^judice,  and 
apply  sound  common-sense  to  what  he  saw.  And  such 
a  man  did  apjwar  towartls  the  dose  of  tin;  century  in  the 
person  of  William  ^mith^  the  English  surveyor*  lie 
was  a  self-tauglit  raan^  and  [iorhaps  the  more  indepen- 
dent fup  that,  and  he  had  the  gift,  besitles  his  sharp  eyes 
and  receptive  nund,  of  a  must  tenacious  memory.  By 
exercising  these  faculties,  rare  as  they  are  liomely,  he 
led  the  way  to  a  science  which  w^as  destined,  in  its 
later  developments,  to  shake  the  structure  of  established 
thought  to  its  foundations. 

Little  enough  did  William  Smith  suspect,  finwever, 
that  any  such  dire  consequences  were  to  eume  of  his  act 
w^hen  he  first  bci^an  noticins:  the  fost^il  shells  tiiat  here 
and  there  are  to  be  found  in  the  strati  tied  rocks  and  soils 
of  the  regions  over  which  his  surveyor's  duties  led  him. 
Nor,  indeed,  was  there  anything  of  such  aiiparent  revo- 
lutionary character  in  the  facts  which  he  unearthed; 
yet  in  their  implications  these  facts  were  the  most  dis- 
concerting of  any  that  fiad  i>een  revejded  since  the  day 
of  Copcrnictjs  and  Oulileo.  In  its  i>alil  essence  Smith's 
discovery  was  sitnply  this:  that  the  fossils  in  the  rocks, 
instead  of  being  scattered  fiaphazard,  are  arranged  in 
regular  systems,  so  that  any  given  stratum  of  rock  is 
label  leil  by  its  fossil  population;  and  tliat  tlie  order  of 
succession  of  such  groups  of  fossils  is  always  the  same  ia 
any  vertical  series  of  strata  in  which  they  occur.    That 
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is  to  gay,  if  fo^il  A  underlies  fossil  E  in  any  gi^en  region, 
it  never  overlies  it  in  any  other  series;  though  a  kind  of 
foBsils  found  in  one  set  of  strata  may  be  quite  omitted 
in  another.  Moreover,  a  fossil  once  having  disappeared 
never  reappears  in  any  later  stmtum. 

From  these  novel  facts  Smith  drew  the  common-sense 
inference  that  the  earth  had  had  successive  jxjpulations 
of  creatures,  each  of  which  in  its  turn  had  become  extinct, 
lie  partiidly  verified  this  inference  hy  comparing  the 
fossil  shells  with  existing  species  of  similar  orders,  and 
found  that  such  as  occur  in  older  strata  of  the  rocks  had 
no  counterparts  among  11  vi ng  species.  But  on  the  whole, 
being  eminently  a  practical  man,  Smith  troubled  himself 
but  little  about  the  inferences  that  might  be  drawn  from 
his  facts,  lie  was  chiefly  concerned  in  using  the  key  he 
had  discovered  as  an  aid  to  the  construction  of  the  first 
geological  map  of  England  ever  attempted,  and  he  left 
to  others  the  untangling  of  any  snarls  of  thought  that 
might  seem  to  arise  from  his  discovery  of  the  succession 
of  varying  forms  of  life  on  the  globe. 

He  disseminated  his  views  far  and  wide^  however,  in 
the  course  of  his  journeyings — quite  disregarding  the 
fact  that  peripatetics  went  out  of  fashion  when  the 
printing* press  came  in— and  by  the  beginning  of  our 
century  he  had  begun  to  have  a  following  among  the 
geologists  of  England,  It  must  not  for  a  moment  be 
supi^ised,  however,  that  his  contention  regarding  the 
succession  of  strata  met  with  immediate  or  general  ac- 
ceptance. On  the  oontrary,  it  v^as  most  bitterly  an- 
tagonized. For  a  long  generation  after  the  discovery 
was  made*  the  gonenility  of  men,  prone  as  always  to 
strain  at  gnats  and  swallow  camels,  preferred  to  believe 
that  the  fossils^  instead  of  being  deposited  in  successive 
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ages,  had  been  swept  all  at  once  into  their  prasent  posi- 
tions by  the  current  of  a  mi^Hity  floiiil— and  liiat  lluodj 
needless  to  say,  the  Nuachiun  deluge.  Just  how  the 
iiuml)eHt3S5  successive  strata  could  have  been  kid  down 
m  «»rderty  sequence  to  the  depth  of  several  miles  in  on© 
sMch  foil  catuclysiii  was  indeed  puziWn^,  especial ly  after 
it  came  to  be  admitted  that  tlie  heaviest  fossils  were  not 
found  always  at  the  bottom  ;  but  to  doubt  thnt  this  bad 
been  done  in  some  way  was  rank  heresy  in  the  early 
davs  of  uitr  centurv* 


But  ortce  discovered,  William  Smith*s  uni^pie  facts  as 
to  the  succession  of  forms  in  the  rocks  would  not  down. 
There  wjis  one  most  vita!  point,  however,  regarding 
which  the  inferences  that  seem  to  follow  from  these 
factfi  needed  vcrilication — the  question,  namely,  whether 
the  disappearance  of  a  fauna  from  the  register  in  the 
rocks  really  implies  the  extinction  of  that  fauna.  Every- 
thing reiillj^deiieiided  upon  the  answer  to  that  question, 
and  none  but  an  accomplishinl  naturalist  could  answer  it 
with  authority.  Fortunately  the  most  authoritative  nat- 
uralist of  the  time*  Georges  Cuvier,  took  the  question  in 
band— not»  indeed,  with  the  idea  of  verifying  any  sug- 
gestion of  Smith's,  but  in  the  course  of  his  own  original 
studies — at  tlie  very  beginning  of  the  century,  when 
Smithes  view*  were  attntcting  general  attention. 

Cuvicr  and  Smith  were  exact  contemporaries,  both 
jnc'ii  having  been  born  in  17t!l>,  that  "fertile  year" 
which  gave  the  world  also  Chateau briand.  Von  Hn in- 
bold  t»  Welhngton,  and  Xapoloon,  But  the  French  nat- 
UTiiilsit  was  of  Very  different  antecedents  from  the  Eng- 
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OEOHOES  CUVIEU 


lish  surveyor.  He  was  brilliantly  educnted,  had  early 
gained  recognition  as  a  scientist,  and  while  yet  a  young 
man  had  come  to  be  kuuwn  as  the  foremost  comparative 
anatomist  of  his  time.  It  was  the  anatomical  studies 
that  led  him  into  th©  realm  of  fossils.  Some  bones  dug 
out  of  the  rocks  by  workmen  in  a  quarry  were  brought 
to  his  notice,  and  at  once  his  trained  eye  told  him  that 
tbey  were  different  from  any  thing  he  had  seen  before, 
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Hitherto  such  bones,  wben  not  entirely  igtioredj  huU 
Ueeo  for  the  most  partascribetl  to  giants  of  former  days, 
or  even  to  fallen  angels.  Cuvier  soon  showed  tlmt 
neither  giants  nor  angels  were  in  tjuestiun*  but  ele- 
pbants  of  an  unrecognized  species,  Conlinning  his 
»tiidie>{,  particularly  with  material  gathered  from  gy|>- 

\m  beck  iieur  Paris,  he  hat!  accumulated,  by  the  begin* 
nitig  of  our  century,  bones  of  about  twenty- five  species 
4  animals  that  lie  believed  to  be  different  from  any  now 
wing  on  the  globe. 

The  fame  of  these  studies  went  abroad,  and  presently 
foswil  bones  [x>ure<l  in  from  all  sities,  and  Cnvier's  con- 
victions that  exLiuct  fnrms  of  animals  are  represented 
among  the  fossils  was  sustained  by  the  evidence  of  many 
strange  and  anomalous  forms,  some  of  them  of  gigantic 
sisM;,  In  I8tt!  the  famous  OsmmenlH  7vW/t^*,  describing 
tliese  novel  objects,  was  published,  and  vertebrate  paleon- 
tology became  a  science.  Among  other  things  of  great 
ixipular  interest  the  book  contained  the  first  authoritnr 
tivt*  description  of  the  hairy  elephant,  named  by  Cuvier 
thn  nnimmoth,  the  remains  of  which  liad  been  found 
emlHHlded  in  a  mass  of  ice  in  Siberia  in  1802,  so  wonder- 
fully pn^served  that  tlie  dogs  of  the  Tungusian  fisher- 
men actualiy  ate  its  fleali.  Bones  of  tlie  same  species 
had  been  found  in  Siberia  several  years  before  by  the 
iraturfdist  Pallas,  who  had  also  found  tlie  carcass  of  a 
rhincx^eros  there,  frozen  in  a  mud  bank  ;  but  no  one  tlien 
suspected  that  these  were  momlsers  of  an  extinct  popula- 
tion— they  were  supposed  to  be  merely  transported  relics 
of  the  flood. 

Ciiviin",<Hi  the  other  hand,  asserted  that  these  and  the 
other  creatureM  he  described  had  lived  and  die<l  in  the 
region  where  their  remains  were  found,  and  that  most 

9:{ 


THE  STORY  OF  NIXKTKENTII  CENTURY  SCIENCE 

of  them  liavo  no  living  representatives  upon  the  globe. 
This,  to  be  sure,  was  nothing  more  than  Williiim  Smith 
had  tried  all  along  to  establish  regarding  lower  forms  of 
life;  but  great  monsters  appeal  to  the  imagination  in  a 
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way  quite  beyond  the  power  of  mere  sliellsj  so  th*^  an- 
nouncement of  Cuvier's  discoveries  aroused  tlio  interest 
of  the  entire  world,  and  the  Osnmienis  Fcmihit  was 
accordetl  a  jmpular  reception  seldom  given  a  work  of 
technical  science— a  recppl ion  in  which  the  eTitltnsiastic 
apijrnval  nf  progressive  geologists  was  mingled  with  ttie 
hitter  protests  of  the  conservatives. 
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In  England  the  iutei-est  thus  arouseil  was  sent  to  fever- 
heat  in  1821  by  theijiscovery  of  abundant  beds  of  fossil 
bones  in  the  slalagniite-coveretl  floor  of  a  cave  at  Kirk- 
date,  Vorksbire,  wbtcli  went  to  sbow  that  Engiaml  too 
had  once  had  her  share  of  gigantic  beasts.  Dr.  Buck- 
land,  the  incumbent  of  the  recently  established  chair  of 
geology  at  Oxford,  and  the  most  autlioritative  English 
geologist  of  the  day, took  these  finds  in  hand  and  showed 
that  the  bones  belonged  to  a  number  of  species,  including 
icb  alien  forms  as  elephants,  rhinoceroses,  hip]>upotami, 
itid  hyenas.  He  maintained  that  all  of  those  creatures 
had  actually  lived  in  Britain,  and  that  the  caves  in  which 
their  b<jnea  were  found  had  been  the  dens  of  hyenas. 

The  claim  was  hotly  disputed  as  a  matter  of  course. 
As  late  as  1827  books  were  published  denouncing  Buck- 
land,  Doctor  of  Divinity  though  he  was,  as  one  who  had 
joineil  in  an  "  unhallowed  cause,"  and  reiterating  the  old 
cry  that  the  fossils  were  only  remains  of  tropical  si>ecies 
washed  thither  by  the  deluge,  That  tliey  were  found 
in  solid  rocks  or  in  caves  offered  no  diflicoky,  at  least 
not  to  the  fertile  imagination  of  Granville  Penn,  the 
le^ider  of  the  conservatives,  who  clung  to  the  old  idea 
ofWoodwanl  and  Gattcut  that  the  deluged  ha  dissolved 
the  entire  crust  of  the  eartli  to  a  paste,  into  which  the 
relics  now  called  fossils?  liud  sottlod.  The  caves,  said 
Mr,  Penn,  are  meroly  the  result  of  gases  given  off  by 
the  carcasses  during  decomposition— great  air-bubbles, 
Ro  to  s]>eak,  in  tfie  pasty  mnss  becoming  caverns  when 
the  waters  receded  and  the  paste  hardened  to  rocky 
consistency* 

But  these  and  such  like  fanciful  views  were  doomed 
even  in  the  day  of  their  utterance.  Already  in  1H23  other 
gigantic  creatures,  christenml  fclitliyosaurus  and  plesio- 
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saurtis  by  Conybearej  bad  been  found  in  deeper  strata  of 
Brittsh  rocks;  and  these,  as  well  as  otiier  nion Kiel's  whose 
remains  were  unearthed  in  various  parts  of  the  world, 
bore  such  stmnt^e  forms  that  even  the  most  sceptical 
couUl  sea  reel  J  hojie  to  find  their  counterparts  amoTig 
livinj^  creatures.    Cuvier's  contention  that  all  the  larger 
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vertebrates  of  tite  existinf^  nge  are  known  to  niituralists 
was  borne  out  by  recent  explorations,  and  tberp  seemed 
no  refuj^e  from  the  conclusion  that  the  fossil  refonls 
tell  of  populations  actualh^  extinct.     I  Jut  if  tliis  wero 
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admitted,  then  Smith's  view  that  there  have  been  suc- 
cessive rotations  uf  poputation  could  no  longer  be  denied. 
Nor  could  it  be  in  doubt  that  the  successive  faunas,  whose 
intlividtial  remains  have  been  preserved  in  myriads,  rep- 
resenting extinct  species  by  thousands  and  tens  of  thow^ 
inds,  HTUst  huve  reqtiii^d  vast  [lenods  of  tltiie  for  tlie 
►roduction  anil  gcowth  of  their  countless  generations. 

A«  these  facts  came  to  be  generally  known,  and  as  it 
came  to  be  understooit  in  iitldition  that  the  very  matrix 
of  the  rock  in  which  fossils  are  embedded  is  in  many 
ciises  itself  one  gigantic  fossil,  composed  of  the  remains 
of  microscopic  forms  of  life,  ct^mmon-sense*  which,  after 
all^  is  the  final  tribunal,  came  to  the  aitl  of  belaboretl 
science.  It  was  concetletl  tliat  tlie  only  tenable  inter- 
pretation of  the  record  in  the  rocks  is  that  numerous 
populations  of  creatures,  distinct  from  one  another  and 
fi-om  present  forms,  have  risen  and  passed  away;  and 
thnt  the  geologic  ages  in  wliich  tiiese  creatures  lived 
were  of  inconceivable  length.  The  rank  and  file  came 
thus,  with  the  aid  of  fossil  records,  to  realize  the  im|K>rt 
nf  an  idea  which  James  Hutton,  and  here  and  there 
another  thinker,  had  conceived  with  the  swift  intuition 
of  genius  long  before  the  science  of  paleontology  came 
into  existence.  Tiie  Huttonian  proposition  that  time  is 
long  had  been  abundantly  established,  and  by  about  the 
tVlose  of  the  first  third  of  our  century  geologists  had 
bi^gun  to  speak  of  **age8*'  and  *' untold  a?ons  of  time*' 
with  a  familiarity  which  their  predecessors  had  reserved 
for  days  and  decades. 

m 
And  now  a  new  question  pressed  for  solution.    Tf  the 
earth  has  Ijcen  inhabited  by  successive  pupulations  of 
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beings  now  extinct,  how  have  all  these  creatures  been 
destroyed  I  That  question,  however,  seeraed  lo  present 
no  difiiculties.  It  wus  answered  out  ef  hand  by  the 
apphcatioE  of  an  old  idea*  All  down  the  centuries, 
whatever  their  varying  phages  of  cosmogonic  thought, 
there  had  been  ever  present  the  idea  that  past  times 
were  not  as  recent  limes ;  that  in  remote  ejKJchs  tlie 
earth  had  been  the  scene  of  awful  catastrophes  that 
have  no  parallel  in  "these  degenerate  days."  Naturally 
enough  this  thought,  embalmed  in  every  cosmogonic 
speculation  of  whatever  origin,  was  appealed  to  in 
explanation  of  the  destruction  of  these  hitiierto  un im- 
agined hosts,  which  now,  thanks  to  science,  rose  from 
their  abjsnml  slumber  as  incou testable,  but  also  as  silent 
and  as  thought -provocative  as  Sphinx  or  pyramid. 
These  ancient  hosts,  it  was  said,  have  been  exterminated 
at  intervals  of  odd  millions  of  years  by  the  recurrence 
of  catastrophes  of  which  the  Mosaic  deluge  is  the  latest, 
but  jjerhaps  not  the  hisL 

This  explanation  had  fullest  warrant  of  scientific  au- 
thority. Cuvier  had  prefaced  his  classical  work  with  a 
speculative  disquisition  whose  very  title  {Dlsmm^a  nur  fe« 
litmlutiom  du  Globe)  m  ominous  of  catastrophism,  and 
whose  text  fully  sustams  the  angury.  And  Buckhuid, 
Ouvier's  foremost  follower  across  the  Chnniiel,  had  gone 
oven  beyond  the  master,  naming  the  work  in  which  he 
described  tlie  Kirkdale  fossils,  Rdiqnim  DUumanm^  or^ 
PrtTfifif  of  a  ITnhu'f'MtfJ  Ddin^e. 

Both  these  anthorities  supposed  the  creatures  whosi 
remains  they  studied  to  have  ]ierished  sudtlenly  in  th< 
mighty  flood  whose  awful  current,  as  they  supyniseil, 
gouged  out  the  motlern  valleys,  and  hnrl(»d  great  blocks 
of  granite  broadens t  over  the  land.     And  they  invoked 
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similar  floods  for  the  extermioation  of  previous  popula- 
tions. 

It  is  true  these  scientific  citations  had  met  with  only 
qualified  ajj|iroval  at  the  time  of  their  uttemnce,  because 
then  the  conservative  niajority  of  mankind  did  not  con- 
c€<le  that  thui*e  had  been  a  plurality  of  populations  or 
revulntions;  but  now  that  the  belief  in  past  geologic 
ages  lia*l  ceased  to  be  a  heiesy,  the  recurring  catastro 
phes  of  the  gi'eat  paleuntoiogists  \s'ere  accfpted  with 
acclaira.  For  the  moment  Bcience  and  tradition  were  at 
one,  and  there  was  a  truce  to  controversy,  except  intleed 
in  those  outlying  skirmishdines  of  thought  whither  news 
from  headquarters  does  not  permeate  till  it  has  become 
ancient  history  at  its  source. 

The  truce,  however,  was  not  for  long.  Hardly  ha*! 
contemporary  thought  t>egun  to  adjust  itself  to  the 
conception  of  past  ages  of  incomprehensible  extent, 
each  terminated  by  a  catastrophe  of  the  Noachian 
type,  when  a  uian  appeared  who  made  the  utterly  be- 
wildering assertion  that  the  geological  recoitl,  instead 
of  proving  numerous  catastrophic  revolutions  in  the 
earth's  past  history,  gives  no  warrant  to  the  preten- 
sions of  any  universal  catastrophe  whatever^  near  or 
remote. 

This  iconoclast  was  Charles  Lyell*  the  Scotchman,  who 
was  soon  to  be  famous  as  the  greatest  geologist  of  his 
time.  As  a  young  man  he  hatl  become  Imbued  with  the 
force  of  the  Huttonian  proposition,  that  present  causes 
are  one  with  those  that  protkced  the  past  clmnges  of 
the  globe,  and  he  cnrrietl  tluvt  idea  to  what  he  conceived 
to  be  its  logical  connUision.  To  bis  mind  this  excluded 
the  thought  of  catastrophic  changes  in  either  inorganic 
or  organic  worlds. 
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Bat  to  deny  catastropbisrn  was  to  suggest  a  revolu* 
tion  in  cun-^Rt  tliotigbt.  Neetlless  to  siiy  such  rerolu- 
tiofi  oould  not  be  effected  without  a  long  contest.  For 
a  score  of  years  tbe  nrntter  was  argueil  pro  ami  con, 
often  with  nu>st  unscientiHc  £inb>r,  A  iii*:*re  oiiiline  nf 
the  controversy  would  till  a  volume;  yet  tlie  es^ntiul 
facts  will*  wbicli  Lyell  at  hist  esttiblished  his  pro|i(>si* 
tion,  in  its  Ijoiiriiigs  on  the  orgiinic  woHil,  may  l>e  epito- 
mised in  Teiv  worils.  Ttie  evidence  wldt^fi  s<*enis  to  tell 
of  past  revolutions  is  the  a|>parently  sudden  cban*^e  of 
fossils  from  one  stmt uin  to  antitber  of  tf]e  rtieks.  But 
Lyell  showed  that  tins  chringe  is  not  always  com- 
plete. Some  sjieeies  live  on  from  one  alleginl  epoch 
into  the  next.  By  no  mrans  all  tbe  contemponiries 
of  the  niiinitnoth  are  extinct^  and  numerous  marine 
forrnj*  vastly  more  ancient  still  have  living  ropresiMit- 
atives. 

Moreover,  the  blanks  between  strata  in  any  particular 
vertieal  series  ai-e  arufjly  fiilnl  in  with  iveoid;*  in  the 
fiirm  of  thick  stnita  in  some  gengraphically  distant 
Herien*  For  cxaniple.  in  some  reginns  Silurian  rocks  aro 
directly  overluitl  by  tiio  coal  measures;  but  eUewbere 
this  RUilden  break  is  (illed  in  with  the  Devonian  rtmks 
Hint  tell  of  a  gre'at  "  age  of  lislios.*'  £?o  commonly  are 
breaks  in  ihe  strata  in  one  region  filled  up  in  another, 
that  we  are  foretnl  to  crtnehirbi  that  the  reconi  shown 
by  any  single  vprtical  series  is  of  hut  b>cai  significanoe — 
tiOhiig,  [N^rhajts,  of  a  time  when  that  jiarticidar  sea^lxnl 
oscillat^^d  above  tlie  waler-line,  and  so  censed  to  receive 
sediment  until  some  future  age  when  it  had  oscillated 
back  again.  Hnt  if  this  l»e  tho  real  signitieance  of  the 
fteoniintily  sudden  eliang*^  from  stratum  lu  stratum,  then 
the  whole  case  for  caUistro|»hism  is  bojiela^ly  lost ;  fop 
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such  breaks  in  tht^  stnitn  furnish  the  unly  suggestion 
geology  can  offer  uf  sudden  and  cutaBtrupbic  changes  of 
wide  ejstenl. 

When  evidence  froni  widely  sepamted  ragions  18 
gatheretl}  sutd  Lyeil,  it  becottius  clear  that  tiie  number- 
le^  species  that   have  been  exterminated  in  the  piuit 
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have  dieil  out  one  bv  nn*\  just  as  individuids  of  a  sjwcies 
dit%  not  in  vast  shoals;  if  whole  |K>pulatioris  have  passed 
away,  it  has  been  not  by  instantaneous  extermination, 
but  by  the  elimination  of  a  species  now  here,  nmv  there, 
mnch  as  one  ja^enr ration  succeeds  another  in  the  life  his- 
tory of  any  single  species.  The  causes  which  have 
bmught  about  such  gradual  extenni nations,  and  in  tho 
long  la[)8e  of  ages  have  n^sulted  in  rotations  of  popula- 
tion, are  the  same  natural  causes  that  are  still  in  ojjera* 
tion.  Species  have  diml  out  in  the  past  as  they  are 
dying  out  in  the  present,  under  inEuence  of  changed 
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surroundiDgs,  such  as  altered  climate,  or  the  migration 
into  their  territory  of  more  mitsterful  species.  Past  and 
present  causes  are  one — natural  law  is  changeless  and 
eternal. 

Such  was  the  essence  of  the  Hutton Ian  doctrine,  which 
Lyell  adopted  and  extended,  and  with  which  his  name 
will  always  be  associated.  Largely  through  his  efforts, 
though  of  course  not  without  the  aid  of  many  other 
workers  after  a  time,  this  idea— the  doctrine  of  nniform- 
itarianism,  it  came  to  be  called — became  the  accepted 
dogma  of  the  geologic  world  not  long  after  the  middle 
of  our  century*  The  caUistrophists,  after  clinging  madly 
to  tlieir  phantom  for  a  generation,  at  last  capitulated 
without  terms:  the  old  hei-esy  l>ecame  the  new  ortho- 
doxy,  and  the  way  was  paved  for  a  fresh  controversy. 


IV 

The  fresh  controversy  followed  (juite  as  a  matter  of 
course.  For  tlie  idea  of  catastrophism  bad  not  con- 
cerned the  destruction  of  species  merely ^  but  their  intro- 
duction as  well.  If  whole  faunas  had  been  extirpated 
suddenly,  new  faunas  had  presumably  been  introduced 
with  equal  suddenness  by  8]iecial  ci-eation  ;  but  if  species 
die  out  gradually,  the  introduction  of  new  species  may 
be  presumed  to  be  correspondingly  gradual.  Then  may 
not  the  new  species  of  a  later  geological  epoch  be  the 
modified  lineal  descendants  of  the  extinct  population  of 
an  earlier  epoch  ? 

The  idea  that  such  might  be  the  case  was  not  new. 
It  had  been  suggested  when  fossils  first  began  to  attract 
conspicuous  attention;  and  such  sagacious  thinkers  as 
Buffon  and  Kant  and  Goethe  and  Erasmus  Darwin  had 
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been  tibposad  to  accept  it  in  the  closing  days  of  the 
eighteenth  century.  Then,  in  180I>,  it  had  been  con- 
tonded  for  by  one  of  tbo  euriy  workers  m  systenmtjo 
paleontology,  Jean  Baptiste  Lamarck,  who  had  studied 
the  fossil  shells  about  Paris  while  Cuvier  studied  the 
vertebrates,  and  who  had  been  led  by  these  studies  to 
conclude  that  there  had  been  not  merely  a  rotation  but 
a  progression  of  life  on  the  globe.  He  found  the  fossil 
shells— the  fossils  of  invertebrates,  as  he  himself  had 
christened  tiiein — in  deeper  strata  than  Cuvier's  verte- 
brates; and  he  believed  that  there  had  beea  long  ages 
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when  no  higher  forms  than  these  were  in  existence,  and 
that  in  successive  ages  fishes,  and  then  reptiles,  had  been 
the  highest  of  animate  creatures,  before  niainiimls,  in- 
cluding man,  appeared.  Looking  beyond  the  pale  of  his 
bare  facts,  as  genius  sometimes  will,  he  had  insisted  that 
these  progressive  populations  had  developed  one  from 
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another,  under  intluenoe  of  changed  surround ings»  m 
unbroken  series. 

Of  course  such  a  thought  as  this  was  hopelessly  mis- 
placed in  a  generation  that  doubted  the  existence  of  ex- 
tinct species,  and  hardly  less  so  in  the  generation  that 
accepted  ciitastruphisni;  but  it  had  been  kept  alive  by 
liere  and  there  an  advocate  like  Geoffrey  8t.-Ililaire, 
and  now  the  banishment  of  catastrophisin  opened  the 
way  for  its  more  resj>ectful  consideration.  Kespectful 
consideration  was  given  it  by  Lyell  in  eiicti  recurring 
edition  of  his  Ptinclpks^  but  such  considerutioa  led  to 
its  unqualiHed  rejection.  In  its  place  Lyell  put  forward 
a  niodiHed  hyi>otheai8  of  special  creation.  He  assumed 
that  from  time  to  time,  as  the  extirpation  of  a  species 
had  left  room,  so  to  speak^  for  a  new  species,  such  new 
species  hud  been  created  d^  nma;  and  he  supposed  that 
snch  intermittent,  spasmodic  impulses  of  creation  raani- 
fest  themselves  nowadays  quite  as  frequently  as  at  any 
time  in  the  past.  He  did  not  say  in  so  many  words 
that  no  one  need  be  surprised  to-day  were  he  to  see  a 
new  species  of  deer,  for  example,  come  up  out  of  the 
ground  before  him,  '^pawing  to  get  free,"  like  Milton's 
lion,  but  his  theory  implied  as  much.  And  that  theory, 
let  it  be  noted,  was  not  the  theory  of  Lyell  alone,  but 
of  nearly  all  bis  ass<xjiates  in  the  geologic  world.  There 
is  perba]>s  no  other  fact  that  will  bring  home  to  one  so 
vividly  the  advance  in  thought  of  our  own  generation 
as  the  recollection  that  so  crude,  so  almost  unthinkable  a 
conception  conld  have  been  the  current  doctrine  of  sci- 
ence less  than  half  a  century  ago. 

This  theory  of  special  creation,  moreover,  excluded 
the  current  doctrine  of  uni form itarian ism  as  night  ex- 
cludes day,  though  most  thinkers  of  tlie  time  did  not 
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seem  to  be  aware  of  tho  incouiTmtibility  of  tbt)  twti 
idefts.  It  may  be  doul>ttJ!<l  wbutliur  even  Ly«1l  IjiTtiself 
fully  n^iUixetl  it  Ifiic*  did,  he  tiiiw  no  esca^^u  from  tbe 
(JiieiUTiia,  for  it  seemtjd  to  bitn  that  tlie  record  in  tbu 
rocks  clearly  disproved  the  alternative  lAiinarckiun  liy- 
(lothasis.  And  almost  with  one  accord  the  jndoontolo- 
gistn  of  tlie  time  siistalneti  tbe  verdict.  (*weii»  Agassiz, 
Falconer^  Barninde,  Pictet,  Forbes^  rc|»mliated  the  idea 
as  unqualifiedly  as  their  great  predecessor  Ciivier  had 
done  in  the  earlier  generation.  Some  of  them  did,  in- 
deed, come  to  believe  that  there  is  evidence  of  a  pro- 
grassive  development  of  life  in  the  succesHive  ages,  but 
no  sach  gmded  series  of  fossils  hud  been  disco vereii  as 
would  <|ive  countenance  to  the  itleu  that  one  species  hud 
ever  been  transformed  into  another.  And  to  nearly 
every  one  ibis  objection  seemed  insuperable. 

But  now  in  185(*  appeared  a  book  which,  though  not 
dealing  primarily  with  paleontology,  yet  contain  ml  a 
chapter  that  revealed  the  geohigical  record  in  an  alto- 
gether new  ligiit.  The  book  was  Cliarles  Darwin's  On- 
gin  of  Sfmnm.  the  chapter  that  wonderful  citntion  of 
the  ''Imperfections  of  the  Geologicrd  Kecord/*  In  this 
epx'h-malcing  chapter  Darwtn  shows  what  conditions 
must  prevail  iu  any  given  place  in  order  that  fossils 
shall  be  furmed,  how  unusual  such  conditions  are,  and 
how  probable  it  is  that  fossils  once  embedded  in  sedi- 
ment of  a  st*a-hef  I  will  be  destroyed  by  metamorphosis 
of  the  rocks,  or  by  denudation  when  the  strata  are 
mrsed  above  the  waterdevel  Add  to  this  the  fact  that 
only  small  territories  of  the  earth  have  beeti  explored 
geologically,  he  snys^  and  it  liecomes  cleiir  that  the 
paleontological  record  as  wa  now  possesi»  it  shows  but  a 
mere  f ragmen t  of  the  past  history  of  organisms  on  the 
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eartb.  It  is  a  bistorj  "  imperfectly  kept  and  written  id 
a  changing  dialect  Of  this  history  we  jx)ssess  the  last 
volume  alone,  relating  only  to  two  or  three  countries* 
Of  thia  volume  only  here  and  there  a  short  chapter  has 
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beeo  preserred,  and  of  each  page  only  here  and  there  a 
few  lines."  For  a  paleontologist  to  dogmatize  from 
suoh  a  record  wonld  he  as  rash,  he  thinks,  as  "  for  a  nat- 
uralist to  land  for  five  minutes  on  a  barren  point  of 
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Australia  and  then  discuss  the  numlx^r  and  rangts  of  its 
prtKluctiooa.'' 

Tbb  ciUttiori  uf  observations,  which  when  once  point* 
ed  out  seemed  almost  self-evidenl,  came  as  a  revelation 
to  the  geological  world.  In  the  ciarilied  view  now  pos- 
sible old  facU  took  on  a  new  meaiiiiig.  It  was  recuUed 
thut  Cuvier  had  beeti  obliged  to  estublish  a  new  order 
for  some  of  the  fii'st  fossil  creatures  he  examineti^  and 
ttuit  BiJckland  had  noleil  that  tlie  nondescript  forms  were 
intertnediate  in  structure  between  allied  existing  orders. 
More  recently  such  intermediate  forms  had  been  discov- 
erL*d  over  and  over;  so  that,  to  name  but  one  example, 
Owen  had  been  able,  with  the  aid  of  extinct  species,  to 
**  dissolve  by  gradations  the  apparently  wide  interval 
beiiveen  the  pig  and  the  camel/'  Owen,  moreover,  had 
been  le<l  to  speak  rej>eatedly  uf  the  "generalized  forms'* 
of  extinct  animals,  and  Agassiz  had  called  them  "syn- 
thetic or  prophetic  ty|>eSj"  these  terms  clearly  implying 
"  that  SQch  forms  are  in  fact  intermediate  or  connecting 
links."  Darwin  himself  bad  shown  some  years  bofom 
that  the  fossil  animals  of  any  continent  are  closely  re- 
lated to  the  existing  animals  of  that  continent— ^eden- 
tates predominating,  for  example,  in  South  America, 
and  maT-supials  in  Australia,  Many  observers  liad  noted 
that  recent  strata  everywhere  show  a  fossil  fauna  more 
nearly  like  the  existing  one  than  do  more  ancient  strata; 
and  that  fossils  from  any  two  consecutive  strata  are  far 
inoro  closely  related  to  each  other  tlian  are  the  fossils 
of  two  remote  formations,  the  fauna  of  each  geological 
formation  being,  indeed,  in  a  wide  view,  interraediate 
between  preceding  and  succeeding  faunas. 

So  suggestive  were  all  these  observations  that  Lvell, 
the  admitted  leader  of  the  geological  world,  after  read* 
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ing  Darwin's  cltutious,  Mt  able  to  drop  his  on  n  crass 
uxplanalioE  of  the  iutroduction  of  H[}tiuitis,  iinil  adopt 
the  trdusmutation  bjpolhesis,  thus  rounding  out  the 
doctrine  of  untfoniiilunuuisin  to  the  full  proportions  in 
wiiich  LcLiiiaJX^k  had  conceived  it  half  a  century  befom. 
Not  all  |Kileontologists  could  foUuw  him  at  once,  of 
course ;  tiie  prtHjf  was  not  yet  sutUciently  demonstative 
for  that;  but  all  were  shaken  in  the  seeming  security 
of  their  former  position,  which  is  always  a  neceissary 
stage  in  the  progress  of  tli ought.  And  jjopular  inter- 
est in  the  matter  was  raised  to  white  heat  in  a  twin- 
kling* 

So,  for  the  third  time  in  this  tirst  century  of  its  ex- 
istence, paleontology  was  called  ui>on  to  [day  a  leading 
rtMe  in  a  controversy  whose  interest  extended  far  be- 
yond the  bounda  of  staid  truth-seeking  science.  And 
the  controversy  wagetl  over  the  age  of  the  earth  had 
not  been  more  bitter,  that  over  catastrophtsm  not  more 
acrimonious,  than  that  which  now  raged  over  the  qucs* 
tion  of  the  transmuUttion  of  species.  The  question  had 
ITU  plications  far  beyond  the  bounds  of  paleontology,  of 
course.  The  main  evidence  yet  pmsentetl  had  been 
drawn  from  quite  other  fields,  but  by  common  oongent 
the  record  in  the  rocks  mlglit  furnish  a  crnciid  test  of 
the  truth  or  falsity  of  the  bypotbesis.  "  He  who  rejects 
this  new  of  the  im|>erfection8  of  the  geological  rec- 
ord," sard  Darwin,  "  will  rightly  itjjt:ct  the  whole 
theory/' 

With  something  more  than  mere  scientific  2eaU  tbei-e- 
fore,  paleontologists  turned  anew  to  the  recortls  in  the 
rocks,  to  inrjnire  wliat  evidence  in  proof  or  refutation 
might  be  found  in  unread  pages  of  the  **  great  stone 
book."    And  as  might  have  been  expected,  many  minds 
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being  thus  prepared  to  receive  new  evidence,  such  evi- 
(lanoe  was  not  long  withheld. 


Indeed »  at  iho  moment  of  Darwin's  writing  a  new 
mid  very  instrn<Lrtive  chapter  of  the  geologic  reconl  wns 
being  presented  to  the  piihlic^a  chapter  which  for  the 
first  time  brought  man  into  the  story.  In  1859  Dr. 
Falconer,  tlie  distinguished  British  puhiontologist,  made 
a  visit  to  Abl>evilJe^  in  the  valley  of  the  Somine,  incited 
by  rejK)rts  that  for  a  decade  before  had  been  sent  out 
from  there  l>y  M.  Boucher  des  Perthes,  These  reports 
bad  to  do  witfi  the  alleged  finding  of  flint  implements 
olearly  the  woi*k  of  man,  in  undisturbetl  gravel  betJs,  in 
the  midst  of  fossil  remains  of  the  mammoth  and  other 
extinct  animub.  Dr.  Falconer  was  so  much  impressed 
with  what  he  saw  t!iat  he  urged  his  oountrymen  Pro- 
fessor Prestwich  to  go  to  Abbeville  and  thoroughly  in- 
vestigat«  the  subject.  Professor  Prestwich  complied, 
with  the  eolliboratioii  of  Mr.  John  Evans,  an*l  the  re- 
iport  which  these  paleontologists  made  of  their  imresti- 
gation  brought  the  subject  of  the  very  significant  human 
fossils  at  Abbeville  prominently  before  the  puhlrc; 
whereas  tlie  publications  of  the  original  discoverer, 
Boucher  des  Pertlies,  bearing  date  of  1^547,  had  been  al- 
togetlier  ignoreil.  A  new  aspect  was  thus  giv^en  to  the 
current  controversy. 

As  Dr.  Falconer  remarked,  geology  was  now  passing 
through  t)ie  same  ordeal  that  astronomy  passe<l  in  the 
of  Galileo.  But  the  times  wen?  changed  since  the 
cky  when  the  author  of  the  Dmlmjuf/t  was  humbled  be- 
fore the  Congregation  of  tlie  Index^  and  now  no  Index 
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Prohibitorum  could  avail  to  hide  from  eager  human 
eyes  such  pages  of  the  geologic  story  as  Nature  herself 
had  spared.  Eager  searchei's  were  turning  the  leaves 
with  renewed  zeal  everywhere,  and  with  no  small  meas- 
ure of  sucees;^.  In  particular,  interest  attached  just  at 
this  time  to  a  human  skull  which  Dr.  Fublrott  had  dis- 
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corered  in  a  cave  at  Neanderthal  two  or  three  years  be- 
fore—a cranium  which  has  ever  since  lieen  famous  as 
the  Neanderthal  skuU,  the  type  specimen  of  what  mod- 
ern zoologists  are  disposed  to  regard  as  a  distinct  spe^ 
cies  of  man,  Homo  neund^Hhaienms,  Like  others  of  the 
same  type  since  discovered  at  8|>y,  it  is  singularly  Simian 
in  character — low-arched,  with  receding  foi*ehead  and 
enormous  protuberant  eyebrows.  When  it  was  first  ex- 
hibited to  the  scientists  at  B<.^rlin  by  Dr.  Fuhlrott,  in 
1857,  its  human  character  was  doubted  by  some  of  the 
witnesses  j  of  that,  however,  there  is  uo  present  question, 
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This  intei-esting  find  served  to  recaU  with  fresh  signifi- 
cance some  observ^ations  that  had  been  mad©  in  France 
and  Belgium  a  long  generation  earlier^  but  whose  bear- 
ings had  hitherto  been  ignored*  In  1820  MM.  Tournal 
and  Christol  bad  made  itKlei^endent  discoveries  of  what 
the}'  beheved  to  be  human  fossils  in  the  caves  of  the 
soQtb  of  France;  and  iu  1827  Dn  Sclimerling  liad 
found  in  the  cave  of  Engis,  in  WestphiiHa,  fossil  bones 
of  even  greater  signilioance.  Scbmeriing's  explomtions 
had  been  made  with  the  utmost  care  and  patience.  At 
Engis  ho  had  found  human  bones,  inchiding  skulls,  in- 
termingled with  those  of  extinct  mammals  of  the  mam- 
moth |jenod  in  a  \TB,y  that  left  no  doubt  in  his  mind 
that  all  dated  from  the  same  geological  e|>och.  He  had 
published  a  full  account  of  his  discoveries  in  an  elaborate 
monograph  issued  in  1833. 

But  at  that  time^as  it  chanced,  human  fossils  were  un^ 
der  a  ban  as  effectual  as  any  ever  pronounced  by  canonical 
index,  though  of  far  different  origin.  The  oracular  voice 
of  Cuviep  had  declared  against  the  authenticity  of  all  hu- 
man fossils.  Some  of  the  bones  brouglit  him  for  exam- 
ination the  great  anatomist  had  pettishly  pitched  out  of 
the  window,  declaring  them  lit  only  for  a  eenieter}',  and 
that  had  settled  tlie  matter  for  a  generation  ;  the  evi- 
dence gatliered  by  lesser  workers  could  avail  nothing 
against  the  decision  rendered  at  the  Delphi  of  Science. 
But  no  ban,  scientific  or  canonical,  can  long  resist  the 
germ i native  power  of  a  fact,  and  so  now,  after  three 
decades  of  suppression,  the  truth  which  Cuvier  had 
buried  beneath  the  weight  of  his  ridieiile  burst  its 
bondSf  and  fossil  man  stood  revealed,  if  not  as  a  flesh 
and  blood,  at  least  as  a  skeletal  entity. 

The  reception  now  accorded  our  prehistoric  ancestor 
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by  the  progressive  jKirtion  of  the  scientific  world  amount- 
ad  to  an  ovation  ;  but  the  unscientific  masses,  on  the  other 
hand,  notwitlistamling  their  usual  fondness  for  tracing 
remote  genealogies,  still  gave  the  men  g(  Engis  and 
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Neanderthal  the  cohl  shoulder.  Nor  were  all  of  the  geol* 
ogists  quite  agreed  that  the  contemporaneity  of  these  hu- 
man fossils  with  the  animals  whose  remains  had  l>een 
mingled  with  Ihem  had  been  fully  established,  T!ie 
bare  ^lossibility  that  the  bones  of  man  ami  of  animals 
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that  long  preceded  him  bad  be«n  swept  togetlier  into 
the  caves  in  successii'e  ages,  iind  in  some  tnvsterioua 
way  intermingled  there,  was  ehmg  to  by  the  conserva* 
lives  as  a  last  refuge.  But  even  this  sniali  meiisure  of 
security  was  soon  to  be  denied  them,  for  in  1865  two  as- 
sociateil  workers,  M.  Edouai-d  Lartet  and  Mr.  Henry 
Christy,  in  exploring  the  caves  of  Dordogne,  nnearthcHl 
a  bit  of  evidence  against  which  no  such  objection  could 
he  urged.  This  momentous  exhibit  was  a  bit  of  ivory, 
fragment  of  the  tusk  of  a  nianinioth,  oti  which  was 
tratched  a  rude  but  unmistukable  outline  portrait  of 
the  maromoth  itself.  If  all  the  evidence  as  to  man^s 
antiquity  before  presented  was  suggestive  mereiy,  here 
at  last  was  demonstration ;  for  the  cave-dwelling  man 
could  not  well  have  drawn  the  picture  of  the  mammoth 
unless  he  had  seen  that  animal,  and  to  admit  that  man 
and  the  mamraotli  had  been  conteinporaries  was  to  con- 
cede the  entire  case.  So  soon,  therefore,  as  the  full  im- 
port of  this  most  instructive  work  of  art  came  to  bt*. 
realised,  scepticism  as  to  man^a  antiquity  was  silenced 
for  all  time  to  come. 

In  the  generation  that  has  elapsml  since  the  first  draw- 
ing of  the  cave-dweller  artist  was  discovered,  evidences 
of  the  wide^spread  existence  of  man  in  an  early  epoch 
have  niulti|>lied  indtifinitely,  and  tcKlay  the  paleontolo- 
gist traces  the  history  of  our  race  back  boyond  the  iron 
and  bronxe  ages,  through  a  neolithic  or  polished-stone 
age,  to  a  paleolithic  or  rough-stone  age,  with  confidence 
born  of  unequivocal  knowledge.  And  he  looks  confi- 
dently to  tiie  future  explorer  of  the  earth's  fossil  reconls 
to  extend  the  history  hack  into  vastly  m(m>  remote 
epochs,  for  it  is  little  doubted  that  paleolitidc  man»  the 
most  ancient  of  our  recogntzetl  progenitors,  is  a  moilern 
If  lia 


THE  STORY  OF  NIXETEENTE-CENTURY  SCIENCE 

compared  to  those  generations  that  represented  the  real 
childhood  of  our  rac&. 


ft 

Ooinoidently  with  the  discovery  of  these  highly  sug- 
gestive pages  of  tlie  geologic  story,  other  stilt  more  in< 
stractive  chapters  were  behig  brought  to  light  in  Anier- 
ica.  It  was  found  that  in  the  Rocky  Mountain  region, 
in  strata  found  in  ancient  lake  beds^  records  of  the 
tertiary  |}eriod,  or  age  of  niaiuiuals,  had  been  made  and 
preserved  with  fulness  not  approaclied  in  any  other 
region  hitherto  geologically  exphired.  These  records 
were  made  known  mainly  by  Professors  Joseph  Leidy, 
O*  0.  Marsh,  and  E.  D.  Cope,  working  independently* 
and  moi'c  recently  by  numerous  younger  paleontolo- 
gists. 

The  profusion  of  vertebrate  remains  thus  brought  to 
light  quite  beggars  all  previous  exhibits  in  i><»int  of  mere 
tj umbers.  Professor  Marsh,  for  exam|>le,  who  \^"as  Hrst 
in  the  field,  found  300  new  tertiary  species  between  the 
years  1870  and  1S76.  Meanwhile,  in  ci'etaceous  strata, 
he  unearthed  remains  of  about  200  birds  with  teeth*  600 
pterodactyls,  or  flying  dragons,  some  with  a  spread  of 
wings  of  twenty-five  feet,  and  1500  mosjisaurs  of  the 
sea-serpent  type^  some  of  them  sixty  feet  or  mure  in 
length.  In  a  single  bed  of  Jarassic  rock,  not  larger 
than  a  good-sized  lecture-room,  he  found  the  remains 
of  100  individuals  of  mammals,  representing  twenty 
species  and  nine  genera;  while  beds  of  the  same  age 
have  yielded  i^OO  reptiles,  varying  from  tfie  size  of  a 
rabbit  to  sixty  or  eighty  feet  in  length- 

But  the  chief  interest  of  these  fossils  from  the  West  is 
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not  their  mimber  but  their  nature;  for  among  thein  are 
numerous  illustrations  of  just  such  intermediate  types  of 
organisms  as  must  have  existed  in  the  past  if  tlie  suc- 
cession of  life  uu  the  globe  Jias  been  an  unbroken  bneal 
succesiiion.    Hem  are  reptiles  with  bat-like  wings,  and 

ihei's  with  birdlik*^  jxjlves  and  legs  adapted  for  bipedal 

!oinntion.  Here  are  biiils  with  teeth  and  other  rep- 
tilian cLiaracters.  In  short,  what  witli  reptilian  birds 
and  birddike  reptiles,  the  gap  between  motlern  reptiles 
and  birds  is  quite  bi  ivtged  over.  In  a  similar  way,  vari- 
ous diverse  mammalian  forms,  as  the  tapir,  the  rhiuoc- 
ert»s,  and  the  hoi^e,  are  linked  together  by  fossil  pro* 
genitors.  And  most  important  of  all.  Professor  JIarsh 
has  discx>vered  a  series  of  mammalian  remains,  occuiTing 
in  successive  geological  epochs,  which  are  held  to  repre- 
sent beyond  cavil  the  actual  line  of  descent  of  the  modern 
horse;  tracing  the  lineage  of  our  one-toed  species  back 
through  two  and  three  toed  forms,  to  an  ancestor  in  the 
eocene  or  early  tertiary  that  bad  four  functional  toes 
and  the  nulinient  of  a  fifth. 

These  and  such  like  revelations  have  come  to  light  in 
our  own  time ;  an:!,  indeed,  still  being  disclosed.  Need- 
less to  say^  no  Index  of  any  srjrt  now  attempts  to  con- 
ceal them;  yet  something  has  been  accorapli£>hed  towards 
the  same  end  by  the  publication  of  the  discoveries  in 
Smithsonian  bulletins,  and  in  technical  memoirs  of 
government  surveys,  Fortunately,  however,  the  results 
have  been  rescueil  from  that  partial  oblivion  by  such 
interpreters  as  Professoi's  Huxley  and  Cope,  so  the  un- 
scieiitilic  public  has  lieen  alloweil  to  gain  at  least  an 
inkling  <d  the  wonderful  progress  of  paleontology  in  our 
generation. 

The  writings  of  Huxley  in  particular  epitomize  the 
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record.  In  1862  he  admitted  candidly  that  the  paleon- 
tological  record  as  then  known,  so  far  as  it  bears  on  tlie 
doctrine  of  progressive  development,  negatives  that  doc- 
trine. In  1870  he  was  able  to  ** soften  somewhat  the 
Brutus-like  severity-*  of  his  former  verdict,  and  to  assert 
that  the  results  of  recent  researches  seem  "to  leiive  a 
clear  balance  in  favor  of  the  doctrine  of  the  evolution  of 
living  forms  one  from  another.'"  8ix  years  later,  when 
reviewing  the  work  of  Marsh  in  America  and  of  Gaudry 
in  Pikermi,  he  declared  that,  **on  the  evidence  of  paleon- 
tology, the  evolutit*n  of  many  existing  forms  of  animal 
hfe  from  their  predecessors  is  no  longer  an  hypothesis, 
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In  the  AmtrtcsD  Miiiseatfi  nrNHiuml  fliMury 

but  an  litstorical  fact,"  In  1881  he  asserted  that  the 
evidence  gathered  in  the  [irevioiis  decade  had  been  so 
unefj^iii vocal  that,  had  the  transmutation  hypothesis  not 
existed,  *Hhe  paleontologist  would  have  Itad  to  invent  it,'* 
Since  then  the  del  vers  after  fossils  hav'e  piled  proof 
on  proof  in  bewildering  profusion.    The  fossil  beds  in 

iia 
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the**  bad  lands'' of  western  America  seem  iDexhausttbte. 
And  in  the  Connecticut  River  Valley  near  relatives  of 
tbe  great  reptiles  which  Professor  Marsh  and  othei's 
have  found  in  such  profusion  in  the  West  left  their 
tracks  on  the  mud  flats— since  turned  to  sandstone;  and 
a  few  skeletons  also  have  been  found.  The  bodies  of  a 
race  of  great  repttles  that  were  the  lords  of  creation  of 
their  day  have  been  dissipated  to  their  elements,  while 
the  chance  indentations  of  their  feet  as  they  raced  along 
the  shores,  mere  footprints  on  the  sands,  have  been  pre- 
served among  the  most  imperishable  of  the  memory- 
tablets  of  the  world. 

Of  the  other  vertebrate  fossils  that  liave  been  found 
in  the  eastern  portions  of  America,  among  the  most 
abundant  and  interesting  are  the  skeletons  of  ma&to- 
dons.  Of  these  one  of  the  largest  and  most  complete  is 
that  which  was  unearthed  in  the  bed  of  a  drained  lake 
near  Kewburg,  New  York,  in  1845.  This  specimen  was 
larger  than  the  existing  elephants,  and  had  tusks  eleven 
feet  in  length.  It  was  mounted  and  described  by  Dr. 
John  C.  Warren,  of  Boston,  and  has  been  famous  for 
half  a  century  as  the  "  Warren  mastodon.'- 

But  to  the  student  of  racial  development  as  recorded 
by  the  fossil St  all  these  sporadic  finds  have  but  incidental 
interest  as  compared  with  the  rich  Western  fossil  beds 
to  which  we  have  already  referred.  From  records  here 
unearthed  the  racial  evolution  of  many  mammals  h^is  in 
the  past  few  years  Ijeen  made  out  in  greater  or  loss 
dc^taih  Profassor  Co\m  has  traced  the  ancestry  of  the 
camels  (which,  like  the  rhinoceroses,  hippopotami,  and 
sundry  other  forms  now  s]K>ken  of  as  *'  Old  World,*' 
seem  to  have  had  their  origin  here)  with  much  com- 
pleteness. 
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A  lemuroid  form  of  mammal,  believed  to  be  of  llie 
type  from  which  man  has  descended,  has  also  been  found 
in  these  beds.  It  is  thought  that  the  descendants  of  this 
creature,  and  of  the  other  '^'Old-Worhr*  forms  above 
referred  to,  found  their  wajr  to  Asia,  probablVj  as  sug- 
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la  tlM  Atnerion  UUHomii  ot  h'Mlunl  BtitKify 

gested  by  Professor  Mai-sh,  across  a  hritlge  at  Bering 
Btraitf  to  continue  their  evolution  on  the  other  hemi- 
sphere, becoming  extinct  in  the  land  of  thtnr  nativity. 
The  ape-man  fossil  fonnd  in  the  tertiary  strata  of  the 
jslantl  of  Java  two  years  ago  by  the  Dutch  surgeon  Dr, 
EugGue  Dubois,  and  named  Pithecanthropus  erei^fu^^jn^y 
have  been  a  direct  descenflant  of  the  American  tribe  of 
primitive  lemurs,  though  this  is  only  a  conjecture. 
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Not  all  the  strange  beasts  which  have  left  their  re- 
mains in  our  "  bad  lands**  are  representeti  by  living  de- 
scendants. The  titanotheres,  or  brontotheridse,  for  ex- 
ample,  a  gigantic  tribe,  oiFshoots  yf  tlic  same  stixsk 
which  prcxluced  the  horse  and  rhinoceros,  represented 
the  culmination  of  a  line  of  descent.  They  developed 
rapidly  in  a  geological  sense,  and  flourislied  about  the 
mitldle  of  the  tertiary  |)eriotl;  then,  to  use  Agassiz's 
phrase^  **  time  fought  against  them."  The  story  of  their 
evolntion  has  been  worked  out  by  Professoi*s  Leniy, 
Marsh,  Co|)e,  and  11,  F,  Osborne. 

The  very  latest  bit  of  paleontological  evidence  bear- 
ing on  the  question  of  the  intrmhiction  of  specieii  is  that 
presented  by  Dr.  J.  L.  Wortnian  in  connection  with  the 
fossil  lineage  of  the  edentates.  It  was  suggested  by 
Marshy  in  1877,  that  these  creatnms,  whose  modern  ve\}- 
resentatives  are  all  South  American,  ontnnated  in  North 
America  long  before  the  two  continents  bad  any  land 
connection.  The  stages  of  degeneration  liy  which  these 
animals  gradually  lost  the  enamel  from  thoir  teeth,  com- 
ing tinally  to  tiie  unique  condition  of  their  modern  de- 
scenchints  of  tlie  sloth  tribe,  are  ilkisti-ateil  by  strikingly 
graded  s|K>ctra«n3  now  pi*eserved  in  the  American  Mu- 
;Beum  of  Natural  History,  as  shown  by  Dr.  Wort  man. 

All  these  and  a  multitude  of  other  recent  obsorvatitms 
that  cannot  be  even  outlined  here  tell  the  same  story 
With  one  accortl  paleontologists  of  our  timo  regard  the 
question  of  tfie  introduction  of  new  species  as  solved. 
As  l*rofessor  Marsh  has  said* 'Ho  doubt  evoluti(m  to- 
day is  to  doubt  science;  and  science  m  only  another 
name  for  truth,*' 

Thus  the  third  great  battle  over  the  meaning  of  the 
fofisil  records  has  come  to  a  conclusion.     Again  there 
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IS  a  trace  to  controversy,  and  it  may  seem  to  the  casual 
observer  that  the  present  stand  of  the  science  of  fossils 
is  final  and  impregnable.  Bat  does  this  really  mean 
that  a  full  synopsis  of  the  story  of  paleontology  has 
been  told?  Or  do  we  only  await  the  coming  of  the 
twentieth-century  Lamarck  or  Darwin,  who  shall  attack 
the  fortified  knowledge  of  today  with  the  batteries  of 
a  new  generalization  % 


CHAPTER    lY 
THE  CENTURY'S  PROGRESS  IN  GEOLOGY 
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Jambs  Hdtkjs's  theory  that  continents  wear  away 
and  are  replaced  by  volcanic  upheaval  bad  gained  com- 
paratively few  adherents  at  tbo  Ijeginninc;  of  our  cen* 
Inry.  Even  the  lucid  Illmtratimu  of  the  IJnttoniun 
Th^ortj^  which  PJavfair,  the  pupil  and  friend  of  the 
great  Scotchman,  published  in  1S02,  did  not  at  once 
prove  convincing.  The  world  had  become  enamoured 
of  tlie  rival  theory  of  Hutton's  famous  contemporary, 
Werner  of  Saxony— the  theory  which  taught  that  "in 
the  beginning"  all  the  solids  of  the  earth's  present 
cnist  were  dissolved  in  the  heated  waters  of  a  universal 
sea,  Werner  affirmed  that  all  rocks,  of  whatever  char- 
acter, bad  been  formed  by  precipitation  from  this  sea, 
as  the  waters  cooled ;  that  even  veins  have  originated 
in  this  way  \  and  that  mountains  are  gigantic  crystals, 
not  upheaved  masses.  In  a  word^  he  practically  ignored 
volcanic  action,  and  denied  in  toto  the  theory  of  meta- 
morphosis of  rocks  through  the  agency  of  heat* 

The  followers  of  Werner  came  to  be  known  as  Nep- 
tuniats;  the  Huttonians  as  Plutonists.  The  history  of 
geology  daring  our  first  quarter  century  is  mainly  a  re- 
dial  of  the  intemperate  controversy  between  these  op- 
~  1S8 
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posing  sch(x>ls ;  though  it  should  not  be  forgotten  that, 
meantime,  the  members  of  i\m  Geological  Society  of 
London  were  making  an  effort  to  hunt  for  facts  and 
avoid  compromising  theories.  Fact  and  tlieury,  bow- 
ever,  wei^  too  closely  linked  to  be  thus  divorced. 

The  brunt  of  the  controversy  settted  about  the  un- 
stratified  rocks — granites  and  their  allies— which  the 
Plutonists  claimed  as  of  igneous  origin*  This  contention 
had  the  theoretical  su[j[iort  of  the  nebuliir  hyp)the$is» 
then  gaining  ground,  which  supfiosed  the  earth  to  be  a 
cooling  globe.  The  Plutonists  laid  grx-at  stress,  too,  on 
the  observed  fact  that  the  teinperaturc  of  the  earth  in- 
creases at  a  pretty  constant  ratio  as  descent  towards  its 
centre  is  made  in  mines.  But  in  particular  they  ap- 
pealed to  the  phenomena  of  volcanoes. 

The  evidence  from  this  source  was  gathered  and 
elaborated  by  Mr.  G.  Poulett  Scrofie,  secr-etary  of  the 
Geologiciil  Society  of  England^  who^  in  1S23,  published 
a  classical  work  on  volcanoes,  in  vvbicb  he  claimed  that 
volcanic  mountains,  including  some  of  the  highest 
known  peaks,  are  merely  accunuilated  masses  of  lava 
belched  forth  from  a  crevice  in  the  earth*s  crust*  The 
Keptunists  stoutly  contended  for  the  aqueous  origin  of 
volcanic  as  of  other  mountains. 

But  the  facts  were  with  Sci'ope,  and  as  time  went  on  it 
came  to  be  admitted  that  not  merely  volcanoes,  but  many 
*' trap 'Vformations  not  taking  the  form  of  craters  had 
been  made  by  the  obtrusion  of  molten  rock  through  fis- 
sures in  overlying  strata.  Such,  fi>r  example^  to  cite 
familiar  illustrations,  are  Mount  liolyoke,  in  Massachu- 
setts^ and  the  welhknown  formation  of  the  Palisade 
along  the  Hudson. 

But  to  admit  the  '* Plutonic"  origin  of  suoh  wide- 
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sprcjul  formations  was  practically  to  abandon  the  Nep- 
tunian hypothesis.  So  graduaUy  the  Huttonian  expk- 
nution  of  the  origin  of  granites  and  other  '"igneous^*  rocks, 
wliether  massed  or  in  veins,  came  to  Im  accepted.  Most 
geologists  then  came  to  think  of  the  earth  as  a  molten 
mass,  on  which  the  crust  rests  as  a  mere  film.  Some, 
indeed^  with  Lyell,  preferreil  to  believe  that  tlie  molten 
areas  exist  only  as  lakes  in  a  solid  crust,  heated  to 
melting,  perhaps,  by  electrical  or  chemical  action,  as 
Davy  suggested.  More  recently  a  ])opular  theory  at- 
temptij  to  reconcile  geological  facts  with  the  claim  of  the 
physicists,  that  the  earth's  entire  mass  is  at  least  as 
rigid  as  steel,  by  sup[>osing  that  a  molten  Him  rests  be- 
tween the  observed  solid  crust  and  the  alleged  solid 
nucleus.  But  be  that  as  it  may,  the  theory  that  subter- 
nineun  heat  has  been  instrumental  in  determining  the 
condition  of  *' primary"  rocks,  and  in  producing  many 
other  phenomena  of  the  earth's  crust,  has  never  been  in 
dispute  since  the  long  controversy  between  the  Keptu- 
nista  and  the  Pliitonists  led  to  its  establish  men  t. 


n 

If  molten  matter  exists  beneath  the  crust  of  the  earthy 
it  must  contniot  an  o*ioling,  and  in  so  doing  it  must  dis^ 
turb  the  level  of  the  portion  of  the  crust  already  solidi- 
fiett  So  a  plausible  explanation  of  the  upheaval  of 
continents  and  mountains  wjis  sup|)lied  by  the  Plutonian 
theory,  ns  ITutton  had  from  the  first  alleged.  But 
now  an  im|)(>rlant  difference  of  opir»ion  arose  as  to  the 
exact  ratjonule  of  such  upheavals,  llutton  himself,  and 
practical ty  every  one  else  who  accepted  his  theory,  had 

ipposed  that  theixj  ai^  long  |ieriods  of  relative  repose, 
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during  which  the  level  of  the  crust  is  undisturbed,  fol- 
lowed by  short  periods  of  active  sti-ess,  when  continents 
are  thrown  up  with  volcanic  suddenness,  as  by  the  throes 
of  a  gigantic  earthquake.  But  now  came  Charles  Lyell 
with  his  famous  extension  of  the  "  uniformitarian"  doc- 
trine, claiming  that  past  changes  of  the  earth^s  surface 
liave  been  like  [>resent  changes  in  degree  as  well  as  in 
kind.  The  making  of  continents  and  mountains,  he  said, 
is  going  on  as  rapidly  today  as  at  any  time  in  tiie  past. 
There  hav^e  been  no  gigantic  cataclysmic  uphearalsatany 
time,  but  all  changes  in  level  of  the  strata  as  a  whole  have 
been  gradual,  by  slow  oscillation,  or  at  most  by  rejMjat^l 
earthquake  shocks  such  as  are  still  often  experiencetl. 

In  support  of  this  very  startling  contention  Lyell 
gathered  a  mass  of  evidence  of  the  recent  changes  in 
level  of  continental  areas.  He  corroborated  by  personal 
inspection  the  claim  which  had  been  made  by  Play  fair 
in  1802,  and  by  von  Biich  in  1807,  that  the  coast-line  of 
Swetlen  is  rising  at  the  rate  of  from  a  few  inches  to  sev- 
eral feet  in  a  century.  He  cited  Darwin's  observations 
going  to  prove  that  Patagonia  is  similarly  rising,  and 
Pinget's  claim  that  Greenland  is  slowly  sinking.  Proof 
as  to  sudden  changes  of  level  of  several  feet,  over  lurg** 
areas,  due  to  earthquakes,  was  brought  forwatil  in 
abundance.  Cumulative  evidence  left  it  no  longer  open 
to  question  that  such  oscillatory  changes  of  level,  either 
upward  or  downward,  are  quite  the  rule*  and  it  could 
not  be  denied  that  th^  observed  changes,  if  continued 
long  enough  in  one  direction,  would  produce  the  highest 
elevations.  The  possibility  that  the  making  of  even  the 
highest  ranges  of  mountains  had  been  aceomplishetl 
without  exaggerated  catastrophic  action  came  to  be 
freely  admitted. 

in 


THE  NE-,'.  VC  -•» 

PUBLIC  L:?:.;:-.y 


THE  CENTURY'S   PROGRESS    IX  GEOIX>GY 


It  became  clear  that  the  supposedly  stable  land  sur- 
faces are  in  reality  mucb  more  ranable  than  the  surface 
of  the  **  shifting  sea  " ;  that  continental  masses,  seemtng- 
ly  so  fixetl»are  really  rising  and  falling  in  billows  thou- 
samls  of  feet  in  heiglit,  ages  instead  of  moments  being 
consumed  in  the  sweep  between  crest  and  hollow. 

These  slow  oscillations  of  land  surfaces  being  under- 
stoodj  many  geological  enigmas  wore  made  clear^such 
as  the  alternation  of  marine  and  fresh- water  formationa 
in  a  %'ertJcal  series,  which  Cuvier  and  Bmngnrart  had 
observed  near  Paris;  or  the  sandwiching  of  layers  of 
coal,  of  subaerial  formation,  between  layers  of  subaque- 
ous clay  or  sandstone^  which  may  be  observed  every- 
where in  the  coal  measures.  In  particular,  the  extreme 
thickness  of  the  sedimentary  stratit  as  a  whole,  many 
times  exceeding  the  depth  of  the  deepest  known  sea, 
was  for  the  Mrst  time  explicable  when  it  wiis  under- 
stood that  such  strata  had  formed  in  slowly  sinking 
ocean-beiis. 

All  doubt  as  to  the  mode  of  origin  of  stratified  rocks 
being  thus  removeil,  the  way  was  opened  for  a  more 
favorable  consideration  of  that  other  Iluttonian  doc- 
trine of  the  extremely  slow  denudation  of  land  surfaces. 
The  enormous  amount  of  land  erosion  will  be  patent  to 
any  one  who  uses  his  eyes  intelligently  in  a  mountain 
district,  It  will  bo  evident  in  any  region  where  the 
strata  are  tilted— as,  fur  example,  tlie  Alleghanres— 
that  great  folds  of  strata  whicli  must  once  have  risen 
miles  in  height  have  in  many  cases  been  worn  entirely 
away,  so  tlmt  now  a  valley  marks  the  location  of  the 
former  emi nonce.  Where  the  strata  are  level,  as  in  the 
cusii  of  the  mountains  of  Sicil)^  the  Scotch  Higldands, 
and  the  fauiiliar  Gatskills,  the  evidence  of  denudation  is, 
t  m 
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if  possible,  even  more  marked ;  for  here  it  is  clear  that 
elevation  anil  valley  have  been  carved  by  the  elements 
out  of  hiiul  that  rose  from  the  sea  as  level  plateaas. 

But  that  this  herculean  labor  of  land-sculpturing  could 
have  been  accomplished  by  the  slow  action  of  wind  and 
frost  and  shower  was  an  idea  few  men  could  grasp 
within  the  fii"st  hulf-centiiry  after  Ilutton  propounded 
it;  nor  did  it  begin  to  gain  general  currency  until 
LyelFs  crusade  against  catastrophism,  begun  about  1830, 
had  for  a  quarter  of  a  century  accustomed  geologists  to 
the  thought  of  slow  ccmtinuous  changes  producing  final 
results  of  colossiil  proportions.  And  even  long  after 
that,  it  was  combated  by  such  men  as  ^rurchison.  Di- 
rector-General of  the  Geological  Survey  of  Great  Brit- 
ain,  then  accounted  the  foremost  field-geologist  of  his 
time,  who  continued  to  believe  that  the  existing:  vallevs 
owe  their  main  features  to  subterranean  forces  of  up- 
heaval. Even  ^furchison,  however,  made  some  recession 
from  the  belief  of  the  Ccmtinental  authorities,  £lie  de 
Beaumont  and  Leopold  von  Buch,  who  contended  that 
the  mountains  had  sprung  up  like  veritable  jacks-in-the- 
box.  Von  Buch,  whom  his  friend  and  fellow-pupil  von 
Humboldt  considered  the  foremost  geologist  of  the  time, 
died  in  1853,  still  firm  in  his  early  faith  that  the  erratic 
bowlders  found  high  on  the  Jura  had  been  hurled  there, 
like  cannon-balls,  across  the  valley  of  Geneva  by  the 
sudden  upheaval  of  a  neighboring  mountain  range. 


Ill 
The  bowlders  whose  presence  on  the  crags  of  the  Jura 
the  old  German  accounted  for  in  a  manner  so  theatrical 
had  long  been  a  source  of  contention  among  geologists. 
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They  are  fount!  not  iner-el y  on  the  Jura,  but  on  number- 
less other  mountains  in  all  north  temperate  latitudes^ 
anil  often  far  out  in  the  open  country,  as  many  a  farmer 
who  has  broken  hts  plough  against  tliem  might  testify. 
The  early  geologists  accrjiiiited  for  them,  as  for  nearly 
everything  else,  with  their  supposititious  Deluge.   Jirong- 
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niart  ami  Ciivierand  Ruckland  and  their  contemporaries 
appeareil  to  have  no  tJirtioultv  in  conceiving  that  masses 
of  granite  weighing  Iiumlreds  of  tons  had  been  s\ve[)t 
by  this  current  scores  or  humlreils  of  niilos  friirn  their 
souree.  But  of  course  the  nniformitjirian  faith  permit- 
ted no  Rucfj  explanaticuu  niir  could  it  countenance  the 
projection  idea;  so  Lyt^l  was  bouuil  to  find  Home  other 
means  of  trans|>i>r'tation  for  the  puz/Jing  erratics. 
The  only  available  medium  was  ice,  but  fortunately 
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this  one  seemed  quite  sufficient.  Icebergs,  said  Lyell, 
are  observed  to  curry  all  manner  of  debris,  and  deposit 
it  in  the  sea-bottoms.  Present  land  surfaces  have  often 
been  submerged  beneath  tlie  sea.  During  the  latest  of 
these  submergtMices  icebergs  dejwsited  the  bowlders  now 
scattereil  here  and  tliere  over  the  land.  Nothing  could 
be  simpler  or  more  clearly  uniformitarian.  And  even 
the  catastropl lists,  though  they  met  Lyell  amicably  on 
almost  no  other  theoretical  ground,  were  inclined  to  ad- 
mit the  plausibility  of  his  theory  of  erratics.  Indeed,  of 
all  Lyell's  non-conformist  doctrines,  this  seemed  the  one 
most  likely  to  meet  with  general  acceptance. 

Yet,  even  as  this  iceberg  theory  loomed  large  and 
larger  before  the  geological  world,  observations  wei-e 
making  in  a  different  field  that  were  destined  to  show 
its  fallacy.  As  early  as  1815  a  sharp-eyed  chamois-hunt- 
er of  the  Alps,  Perraudin  by  name,  had  noted  the  ex- 
istence of  the  erratics,  and,  unlike  most  of  his  companion 
hunters,  had  puzzled  his  head  as  to  how  the  bowlders 
got  where  he  saw  them,  lie  knew  nothing  of  sub- 
merged continents  or  of  icebergs,  still  less  of  upheaving 
mountains;  and  tliough  he  doubtless  had  heard  of  the 
Flood,  he  had  no  experience  of  heavy  rocks  floating  like 
corks  in  water,  l^foreovor,  he  had  never  observed  stones 
rolling  up  hill  and  perching  themselves  on  UKMintain- 
tops,  and  he  was  a  good  enough  uniformitarian  (^tliou^h 
he  would  have  been  puzzled  indeed  had  any  one  told 
him  so)  to  disbelieve  that  stones  in  })ast  times  had  dis- 
ported themselves  differently  in  tiiis  regard  from  stones 
of  the  present.  Yet  there  the  stones  are.  How  did  they 
get  there? 

The  mountaineer  thought  that  he  could  answer  that 
question.    He  saw  about  him  those  gigantic  serpent-like 
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strHair\8  of  ice  ciillwi  glaciers,  **  from  tlicir  far  foiintainb 
«lo\v  rolling  otj/'  carrying  witb  thorn  blcx^Us  of  gmnito 
and  other  debris  to  farm  moraine  <!«*[)iJ!!5its,  If  these 
glaciers  had  <*noe  been  much  more  extensive  tlian  they 
now  are,  they  might  biive  carried  the  bowUlers  and  left 
tliem  where  we  find  them.  On  the  other  hand,  no  utlier 
natural  agency  within  the  sphere  uf  the  obamois-bunt^ 
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tirV  kimwledge  cuiihl  have  acconipliiiljed  thisj,  ergo  tliu 
ghicierii  must  unce  have  been  tnureexierisive.  PerraiKlin 
wouki  probably  have  said  that  commofi  sense  drove  him 
to  ibis  coneliision;  but  be  that  as  it  nmy^he  had  con- 
t^^ived  one  of  the  ft*w  truly  original  and  novel  ideas  of 
wliich  our  century  can  boaat. 

IIKJ 
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I*erriiu*liri  announced  hU  idea  to  i\m  greatest  scientiiit 
in  Kis  little  worlil  — Jean  de  Cliarj>entier,  directt^r  of  the 
mines  at  IJox,  a  skilled  geologist  who  had  l>een  a  fellow- 
pupil  of  von  IJuch  and  von  IlnnihoUlt  under  Werner  at 
the  Froiborg  S(!Ikk>I  t)f  Mines.  Char|M?ntier  iHUghod  at 
the  mountaineer's  grotesque  idea,  and  thought  no  more 
alx>ut  it.  And  teMi  years  elapse*!  before  Perraudin  could 
find  any  one  who  treated  his  notion  with  greater  re- 
8[>(3ct.  Th«n  he  found  a  listener  in  M*  Vunetx,  a  civil 
engineer,  who  read  a  j taper  un  the  novel  glacial  theory 
before  a  local  soeiety  in  18^3.  This  brought  the  matter 
once  niiire  to  the  at  tent  ion  of  do  Charpentier,  who  now- 
felt  that  there  might  be  soraething  in  it  vvorth  investi- 
gation, 

A  survey  of  the  tield  in  the  light  of  the  new  theory 
soon  convinced  Charpentier  that  the  chain ois  hunter  had 
all  along  been  right,  lie  became  an  enthusiastic  sup- 
porter of  the  idea  that  the  Alps  had  once  been  eml>ed- 
ded  in  a  mass  of  ice,  and  in  183*1  he  brought  the  notion 
to  the  attention  of  Ijouis  Agassi?.,  who  was  spending  the 
BUmnier  in  the  Alps.  Agassiz  was  sceptical  at  first,  but 
KO<in  iHtciime  a  eorivert.  Then  he  saw  that  the  implica- 
tions of  the  tlieory  extended  far  l>eyond  the  Alps,  If 
the  Alps  had  been  covei-ed  with  an  ice  sheet,  so  had 
many  other  regions  of  the  northern  heuiisphcre.  Cast- 
ing  abroad  for  evidences  of  glacial  »ction,  Agassiz  found 
them  everywhere,  in  the  form  of  transjvorted  erratics, 
scratched  and  pnlished  outcropping  rocks,  and  moraine- 
like  deposits.  Presently  be  became  convineotl  that  the 
ice  sheet  which  covered  the  Alps  had  spread  over  the 
whole  of  the  higher  latitudes  of  the  northern  hemi- 
sphere, forming  an  ice  cap  over  the  globe.  Thu8  the 
common  >  sense  induction  of  the  chamois -hunter  blog- 
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sonied  in  the  mind  of  Ag- 
iiz  into  the  conception 

^of  a  nniverstil  Ice  Age. 
In  185T  Agassiz  intro- 

liuc-ed  Lis   tiieijry  to   the 

world,   id   a   pai>er    read 

at   KeuclitUel,  and   thi-ee 

years  later  he  paljlislied 

his  famous  £tn4e^  »nr  Ub 

Glnciens.     Never  did  iitea 

make    a   more    profound 

disturbance  in  the  scien- 

tiKc   worUl.      Yon    Buch 

treated  it  witli    altt^roate 

ridictjh.',     eon  tempts    <ind 

;  Murchison  opposed  it  witli  customary  vigor;  even 
yell,  whose  most  remarkable  mental  endowment  was 

an  unfailing  receptiveneftS  to  new  truths,  uonkl  not  ut 

once  discard  fiis  ice- 
berg theory  in  favor  of 
the  new  claimant.  Dr* 
Btjckiand,  however,  af- 
ter Agassiz  had  shown 
him  evitlence  of  for- 
mer gliictal  action  in 
his  own  Scothind,  be- 
came a  convert  - —  the 
more  readily^  perhajif?, 
as  it  seemed  to  him  to 
op[K»Be  the  unifonni ta- 
rtan idea.  Gradually 
othem  fell  in  line,  and 
after  the  usnal  t*  in  bit- 


40AJI  il£l>(,>WtC£,  r.B,fl. 


189 


TUK  STUKV  OK  NINKTEKNTH^CENTUKV  SCIENCE 

tered  controversy  and  the  ineviuble  full  generation  of 
probation,  tiie  idea  of  an  loe  Age  took  its  place  amo!ig 
the  accepteil  tenets  of  geology.  AH  manrjer  of  moot 
fMjinls  still  dcmatuioil  attention  —  the  cause  of  the  Ice 
Age,  the  exact  extent  of  the  ice  sheets  the  precise 
manner  in  which  it  prodaced  its  effects,  and  the  exact 
nature  of  those  effects ;  and  not  all  of  these  have  even 
yet  been  determined.  Bat,  details  aside,  the  Ice  Age 
nt>w  has  full  recognition  from  geologists  as  an  historical 
periwl.  There  may  have  IieeTi  many  Ice  Ages,  as  Dr. 
CroU  contends;  there  was  surely  one;  and  the  conceji- 
tion  of  such  a  periotl  is  one  of  tijs  %'ery  hw  ideas  of  our 
century  that  no  previous  century  bad  even  so  much  as 
faintly  adnmbrdted. 


tr 

But,  for  that  matter,  the  entire  subject  of  historical 
geology  is  one  that  had  but  I  lie  barest  beginning  before 
our  century.  Until  the  paleontologist  found  out  the 
key  to  tfje  earth's  chronology,  no  one — not  even  Ilutton 
—could  have  any  delinite  idea  as  to  the  true  story  of  the 
earth ^s  past.  The  only  conspicuous  attempt  to  classify 
the  Btratti  was  that  made  by  Werner,  who  divided  the 
rocks  into  three  systems,  base<l  on  their  supjiosed  onier 
of  deposition^  and  called  primar}'',  transition,  and  sec- 
ondary, 

TImugh  Werner's  observations  were  confined  to  the 
small  province  of  Saxony,  he  did  not  hesitate  to  alii nn 
that  all  over  the  world  the  succession  of  strata  would  Im 
found  the  same  as  there,  the  concentric  lavers,  accoi'd. 
ing  to  this  conception,  being  arranged  about  the  earth 
with  the  regularity  of  layers  on  an  onion.  But  in  this 
Werner  was  as  mistaken  as  in  his  theoretical  explana- 
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tion  of  tlie  origin  of  the 
**  primary  "  rocks.  It  re- 
«|uinxl  but  little  observa- 
tion to  sboiv  ibat  the  ex- 
act succession  of  strata 
is  never  precisely  the 
iJiune  in  any  witlely  sep- 
anitetl  regions*  Never- 
Ibeless^  there  was  a  germ 
of  truth  io  Werner's  sys- 
teni.  It  contained  the 
idea,  however  faultily  in 
terpreted,  of  a  chronology 
ical  succession  of  stnita; 
and  it  furnished  a  work- 
ing outline  for  the  observei's  who  were  to  make  out  the 
true  story  of  geological  development  IJuL  the  correct 
intttrpretation  of  tbo  oliserved  facts  could  only  be  made 

after  the  Iluttontan  vie^ 
as  to  t\u*  origin  of  strata 
had  gained  complete  ac- 
ceptance. 

When  William  Smithy 
having  found  tlie  true  key 
to  this  story,  attempted 
to  a]>ply  it,  the  territory 
with  which  he  had  to 
deal  chanced  to  be  one 
where  the  surface  rocks 
are  of  that  later  series 
which  Werner  termed  sec- 
ondary. He  inade  TUiruef' 
rous    subdivisions   with  in 
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this  system,  based  mainly  on  the  fossils.  Meantime  it 
was  found  that,  judged  by  the  fossils,  the  strata  that 
Hrongniart  and  Cuvior  studied  near  Paris  were  of  a  still 
more  recent  |)eriod  (presumed  at  first  to  be  due  to  the 
latest  deluge),  which  came  to  be  spoken  of  as  tertiary. 
It  was  in  these  beds,  some  of  which  seemed  to  have  been 
formed  in  fresh-water  lakes,  that  many  of  the  strange 
mammals  which  Cuvier  first  described  were  found. 

But  the  **  transition  "  rocks,  underlying  the  **  second- 
ary "  system  lliut  Smith  studied,  were  still  practically 
unexploretl  when,  along  in  the  thirties,  they  were  taken 
in  hand  by  Roderick  Impey  Murchison,  the  reformed 
fox-hnntor  ami  ox-captain  who  had  turne<l  geologist  to 
such  notable  advantage,  Jind  Adam  Sedgwick,  the  brill- 
iant Woodwardian  professor  at  Cambridge. 

Working  together,  these  two  friends  classified  the 
transition  rocks  into  chronological  groups,  since  familiar 
to  every  one  in  the  larger  outlines  as  the  Silurian  system 
(age  of  invertebrates)  and  the  Devonian  system  (age  of 
fishes) — names  derived  respectively  from  the  country  of 
the  ancient  Silures,  in  Wales,  and  Devonshire,  England. 
It  was  subsequently  discovered  that  these  systems  of 
strata,  which  crop  out  from  beneath  newer  rocks  in  re- 
stricted areas  in  Britain,  are  spread  out  into  broad  un- 
disturbed sheets  over  thousands  of  miles  in  continental 
Europe  and  in  America.  Later  on  Murchison  studied 
them  in  Russia,  and  described  them,  conjointly  with 
Verneuil  and  von  Kerserling,  in  a  ponderous  and  classi- 
cal work.  In  America  they  were  studied  by  Hall,  New- 
berry, Whitney,  Dana,  AVbitfield,  and  other  pioneer 
geologists,  who  all  but  anticipated  their  English  contem- 
poraries. 

The  rocks  that  are  of  still  older  formation  than  those 
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studied  by  Murcbison  and  Sotlgwick  (corres[H>n(iitig  in 
location  U»  the  '*  primary  "  i-ocks  of  Werner's  concep- 
i'ion)  are  the  surface  featm-e  of  vast  areas  in  Canada, 
and  were  first  prominently  studied  there  by  William  L 


W1MJA»  BMrnt,  JX  u. 


I^gan,  of  tlie  Canadian  Goi^ernment  Survey,  as  early  m 
1816^  and  later  on  by  Sir  WiUiain  DAwson,     These  rocks 

— comprising  the  La  tirenti  an  system^  we  re  formerly  sup* 
poserl  to  represent  parts  uf  the  original  crust  of  the  earth, 
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formed  on  first  oooling  from  a  molten  stiite;  but  they 
are  now  more  generally  regurdeit  as  once-stra titled  de. 
posits  metamorpliosed  by  the  action  of  heat. 

Wlietlier  **  primitive  "  or  metamorphic,  howe?er»  these 
Canadian  rocks,  and  analogotis  ones  beneath  the  fossil- 
iferous  straUi  of  other  countries,  are  the  oldest  portions 
of  the  earth's  crust  of  which  geology  has  any  present 
knowledge.  Mountains  of  this  formation,  as  tlm  Adi- 
rondacks,  and  the  Storm  King  range  overlociking  the 
Hudson  near  West  Point*  are  the  patriarchs  of  their 
kind,  beside  which  Alleghanies  and  Sierra  Nevadas  are 
recent  npstarts,  and  Rockies,  Alps^  and  Andes  are  mere 
jjarveniis  of  yesteixlay. 

The  Laiirentiau  rocks  were  at  first  spoken  of  as  repre- 
senting "Azoio**  time;  but  in  Ls4f>  Dawson  found  a 
formation  deep  in  their  midst  which  was  believed  to  l>e 
the  fossil  relic  of  a  very  low  form  of  life,  and  after  that 
it  became  customary  to  speak  of  the  system  as  **  Eoxoic." 
Still  more  recently  the  title  of  Dawson's  supposed  fossil 
to  rank  as  such  has  been  questioned,  and  Dana's  sug- 
gestion that  the  early  rocks  be  termed  merely  Arcluerm 
has  met  witfi  genera!  favor.  Murchison  and  Sedgwick\s 
8iluriun,  Devonian,  and  Carboniferous  groups  (t  lie  ages 
of  invertebrates,  of  fishes^  and  of  coal  plants  respective- 
ly) are  together  spoken  of  as  representing  Paleozoic  time. 
William  Smith's  system  of  strata,  next  above  these, once 
called  *' secondary^"  represents  Mesozoic  timc^or  the  age 
of  reptiles.  Stilt  higher,  or  more  receTit,  are  Cuvier 
and  Brongniart^s  Tertiary  rocks,  representing  the  age  of 
mammals.  I^istly,  the  most  recent  forrmitions,  dating 
back,  however,  to  a  period  far  encmgh  from  recHjnt  in 
any  but  a  geological  sense,  are  classeil  as  Quaterimry, 
representing  the  age  of  man. 

14^ 
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It  must  nt>t  b€  ssuj^ 
|K)Sed,  however^  thiit 
tlie  suoeessive  ^'agcs" 
u>f  ttie  geologist  are 
lliut  off  from  one  an- 
other in  any  such  ar- 
bilniry  way  as  tins  rer- 
bal  chisisiticatioii  might 
seem  to  suggest,  in 
point  of  fuct»  thesi' 
^•age&"  have  no  better 
warrant  for  existence 
than  have  the  ** cen- 
turies'* and  t  be'*  weeks'^ 
of  e very-day  computa-  tJtgrtojB  nnfLSTtB  scbofe,  p.ita 

on.  They  are  convenient,  and  they  may  even  stand 
for  local  divisions  in  the  strata,  but  they  are  bounded  by 
no  actual  gaps  in  the  sweep  of  terrestrial  events. 

Moreover,  it  must  \\e 
understood    that    the 

*'a^es"  of  different 
continents,  though  de- 
scribed under  the  siiine 
name,  are  not  neces- 
sarily of  exact  con  tern- 
[vnnineity.  There  is  Uo 
sure  test  available  by 
wliich  it  could  be 
shown  that  the  Devo* 
nian  nge,  for  instaiioe, 
as  outlined  in  the 
strata  of  Europe,  did 
not  begin   millions   of 
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je&rs 
said  to 


earlier  or  later  tlian  tbe  period  whose  records  apsj 
represent  tbe  Bevonian  age  in  America.    In  ai 


tempting  to  deci<Ie  such  detail  Is  aK   lliis,  inineralog-ittal 
data  fail  us  utterly.     Even  in  rocks  of  adjoining  regions 
klentity  of  structure  is  no  proof  of  contemporaneous 
origin;  for  the  veritixhte  substance  of  tiie  rock  of  on 
age  is  ground  up  to  build  the  rocks  of  subsequent  ogi 
Furtiierinore,  in  seas  where  conditions  clmnge  but  Htt 
the  same  form  of  rock  nuiy  be  made  age  after  age 
is  believed  that  cluilk  l>eds  still  forming  in  some  of  our 
present  sens  may  form  ono  continuous  mass  dating  back 
to  curliest  geologic  ages.     On  tbe  other  hand,  rocks  dif- 
ferent in  clianicter  may  be  foruuHl  at  i\m  same  time  i 
regions  not  far  apart — say  u  sandstone  along  shore^ 
coral  limestone  farther  seaward,  and  a  cbalk  bed 
3'ond.    This  continuous  stratum,  broken  in  the  proces 
of  ui»heaval^  miglit  seem  the  record  of  three  dilTeren 
eix»chs. 

Paleontology,  of  course,  supplies   far  better  chrono- 
logical   tests*   but   even    these    have   tlieir    limitations, 
There  has  been  no  time  since  mcks  now  in  existenc 
were  formed,  if  ever,  when  the  earth   had  a  unifort 
climate  and  a  single  undi  versified  fauna  over  Us  en  tin 
land    surface,  as  tlie  early    paleontologists    supposed 
Speaking  broadly,  the  same  general  stages  have  attend- 
ed the  evolution  of  organic  forms  every  whoi-e,  but  there 
is  nothing  to  show  that  equal  periods  of  time  witnessed 
corresponding  changes  in  diverse  regions,  but  quite  the 
contrarj^     To  cite  but  a  single  illustration,  the  marsupial 
order,  which  is  the  dominant  mauiuudian  type  of  the 
living  fauna  of  Australia  to-day,  existed  in  Europe  and 
died  out  there  in  the  Tertiary  age.      Hence  a  future 
geologist  might  think  tbe  Australia  of  to-day  contempo- 
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ranoous  with  a  [leriod  in  Europe  which  in  reality  ante- 
daled  it  by  perhaps  millions  of  jear 


Ail  these  pnzzling  features  unite  to  render  the  subject 
of  historical  geology  anything  but  the  simple  matter  the 
fathers  of  the  science  esteemed  it.  No  one  would  now 
attempt  to  trace  the  exact  sequence  of  formation  of  all 
the  mountiiins  of  the  globe,  as  £lie  de  Beaumont  did  a 
half^jentury  ago.  Even  within  the  limits  of  a  single 
continent,  the  geologist  must  proceed  with  much  caution 
in  attempting  to  chronicle  the  order  in  which  its  various 
jmrts  rose  fnim  tlie  matrix  of  the  sea.  Tlie  key  to  tliis 
story  is  found  in  the  identldcation  of  the  strata  that  are 
the  surface  feature  in  each  territory.  If  Devonian  rocks 
are  at  the  surface  in  any  given  region,  for  example,  it 
would  apjiear  tiiat  tbis  region  became  a  land  surface  in 
the  Devonian  age»  or  just  afterwards.  But  a  moment^s 
consideration  shows  that  there  is  an  element  of  uncer- 
tainty about  this,  due  to  the  steady  denudation  that  all 
land  surfaces  undergo.  The  Devonian  rocks  may  He  at 
the  surface  simply  because  the  thousands  of  feet  of  car- 
boniferous strata  that  once  lay  above  them  lia\re  been 
worn  an' ay.  All  that  the  cautious  geologist  dare  assert, 
therefore,  is  tliat  the  region  in  question  did  not  become 
permanent  land  surface  earlier  than  the  Devonian  age. 

But  to  know  even  this  is  mucli ^sufficient,  indeed,  to 
establish  the  chronological  onler  of  elevation »  if  not  its 
exart  period,  for  all  parts  of  any  continent  that  have 
been  geologically  explored— understanding  always  that 
there  must  be  no  scrupling  about  a  latitude  of  a  few  mill- 
ions  or  perhaps  tens  of  uiillions  of  years  here  and  there. 
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Eegarding  our  own  continent,  for  example,  we  learn 
through  the  researches  of  a  multitude  of  workers  that 
in  the  early  day  it  was  a  mere  archipelago.  Its  chief 
island — the  backbone  of  the  future  continent — was  a 
great  Y-shaped  area  surrounding  what  is  now  Hudson 
Bay,  an  area  built  np,  perhaps,  through  denudation  of  a 
yet  more  ancient  polar  continent,  whose  existence  is  only 
conjectured.  To  the  southeast  an  island  that  is  now  the 
Adirondack  Mountains,  and  another  that  is  now  the 
Jersey  Highlands,  rose  above  the  waste  of  waters;  and 
far  to  the  south  stretched  probably  a  line  of  islands  now 
represented  by  the  Blue  Bidge  Mountains.  Far  off  to 
the  westward  another  line  of  islands  foreshadowed  our 
present  Pacific  border.  A  few  minor  islands  in  the  in- 
terior completed  tlie  archipelago. 

From  this  bare  skeleton  the  continent  grew,  partly  by 
the  dejwsit  of  sediment  from  the  denudation  of  the  orig- 
inal islands  (which  once  towered  miles,  perhaps,  where 
now  they  rise  thousands  of  feet),  but  largely  also  by  the 
deposit  of  organic  remains,  especially  in  the  interior  sea, 
which  teemed  with  life.  In  the  Silurian  ages,  inverte- 
brates— brachiopods  and  crinoids.and  cephalopods — were 
the  dominant  types.  But  very  early — no  one  knows  just 
when — there  came  fishes  of  many  strange  forms,  some 
of  the  early  ones  enclosed  in  turtlelike  shells.  Later 
yet,  large  spaces  within  the  interior  sea  having  risen  to 
the  surface,  great  marshes  or  forests  of  strange  types  of 
vegetation  grew  and  deposited  their  remains  to  form 
coal  beds.  Many  times  over  such  forests  were  formed, 
only  to  be  destroyed  by  the  oscillations  of  the  land  sur- 
face. All  told,  the  strata  of  this  Paleozoic  period  aggre- 
gate several  miles  in  thickness,  and  the  time  consumed 
in  their  formation  stands  to  all  later  time  up  to  the 
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present,  According  to  Professor  Danu^ti  estimate,  &&  thr^e 
to  one. 

Towards  the  close  of  this  l*a!oozoiuera  lire  ApfiaUK-liian 
Mountains  were  slowly  u|>fieaved  in  great  convoluteil 
folds,  mniis  of  them  probably  reaclimg  throe  or  four 
miles  above  the  sea-leveh  thougti  the  tooth  of  tlnie  htis 
litnce  gnawcnl  tliein  down  to  coni  para  lively  puny  limits. 
Tlie  conlinentiU  areas  thim  enlarged  were  peopled  tlur 
ing^  the  ensuing  Mesozoia  time  with  multitudes  of 
stmnge  reptiles,  many  of  them  gij^anirc  in  size.  The 
\vatei*s,  luQj  stiil  teemiug  with  invertebrates  and  lishes, 
hiui  their  quota  of  reptdian  monstei's;  and  in  tho  air 
were  Hying  reptiles^somoof  which  measured  twRnty-Hve 
feet  from  tip  to  tiji  of  tbeir  bat-hko  wings.  During  this 
era  the  Sierra  Nevada  MmuUains  rose.-  Near  tfie  en&l- 
crn  boi^^lerof  the  forming  continent  the  strata  were  per- 
haf»s  n<nv  too  thick  and  stiff  U>  bt*nd  into  nifKintain 
folds,  for  tficy  were  rent  into  great  Hssures,  letting  out 
floods  of  molten  lava,  reutnants  of  which  are  still  in  evi- 
<lence  after  ages  of  denudation,  as  the  Palisatles  along 
the  iluilsou,  tmd  snufi  elc^'ations  as  Mount  llolyoke  In 
western  Massaclntsetls. 

Still  there  romaitied  a  vast  interior  sea,  which,  later 
«m,  in  the  Tertiary  ago,  was  to  be  diviried  by  the  slow 
uprising  of  the  laud,  which  mdy  yesterday— that  is  to 
say,  a  million,  or  three  or  five  or  ten  million  years  ago  — 

jame  the  Roeky  \toun tains.  High  ami  emct  tliese 
"young  inountiiinf^  stand  to  this  day,  their  sharp  angles 
and  rocky  con  ton  t^  vouching  for  their  youth,  in  strange 
contrast  with  the  shrunken  forms  of  tlio  old  Ad  iron* 
dacks.  Green  Mountains,  and  AppalacViians^  whose  low- 
orod  heads  and  rounded  sliouhlei^  attest  tlie  weight  of 
agea.    In  the  vast  lakes  which  still  remained  on  either 
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«ide  of  the  Rocky  rangu,  Tertiary  stmta  were  slowly 
furmed  to  the  ultimate  deptli  of  two  or  three  miles,  en* 
closing  here  and  there  those  vertebrate  remains  vvbich 
were  to  be  exposed  again  to  vievv  by  deuudmion  when 
the  land  rose  still  higher,  and  then,  in  our  own  time,  to 
iL^ll  SO  wonilerfui  a  story  to  the  paleontologist* 

FinaHy  tfm  iatorior  4i«as  wei"o  filled,  and  the  short; 
lines  of  the  ooritinont  assumed  nearly  tlieif  pro^nt  out- 
line. 

Then  came  the  lung  winter  of  the  glacial  eprxih— per- 
ha[>s  uf  a  succession  of  glacial  e[Mjchs.  Tbe  tee  sheet 
extend<.Ml  south  wan!  to  about  the  fortieth  parallel,  driv- 
ing sfjnie  animals  lie^iro  it,  and  destroying  those  that 
wore  unable  to  migratta.  At  its  fuluess,  tbo  great  ice 
mass  lay  almost  a  mile  in  depth  over  New  England,  sui 
attested  by  the  scratched  and  polished  ixjck  surfaces  and 
deposited  errutica  in  the  Wldte  Mountains,  Such  a  inuiis 
presses  tlown  with  a  weight  of  about  one  hundred  jind 
twenty-five  tons  to  the  sfpiare  fiiot,  according  to  Dr. 
OoHs  estimate.  It  cruslii'd  and  ground  everything  be- 
neath it  moi'e  or  Itsss,  and  in  some  regions  planed  off 
billy  surfaces  into  prairies.  Crocjping  slf>wly  forward,  it 
carried  all  manner  of  debris  with  it.  When  it  melted 
away  its  terminal  rnoraim^  built  u()  the  nucleus  of  the 
land  masses  now  known  as  L<mg  Island  and  Htaten  Isl- 
and ;  other  of  its  deposits  formed  the  "dnimliris  *'  about 
Boston  famous  as  Burdieraiid  Bret^ds  hills;  and  it  left  a 
long  irregular  line  of  ridges  of  "till"  or  bowlder  clay 
and  soattereil  erratics  clear  across  the  country  at  about 
the  latitude  of  New  York  City. 

As  tbe  ice  sheet  slowly  receded  it  left  minor  moraines 
all  along  its  course.  Sometimes  its  deposits  dammed  up 
river  courses  or  inequalities  in  tbe  surfacet  to  form  the 
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laki^  wliiuh  everywhere  abound  over  KorLhern  territiv 
ries.  Some  glucialistjs  even  bold  the  view  Hrst  suggestetl 
by  Ramsey,  of  the  British  Geological  Survey,  that  the 
grent  giaciaJ  sheet  scoujied  out  tlie  basins  of  many  lakes, 
JiicUidJng  the  system  that  foetU  the  Saint  Ljiwrence.  At 
all  eventSj  it  left  traces  of  its  preseDce  all  iilong  the  line 
of  its  retreat,  and  its  remnants  exist  to  this  day  as 
mountain  ghieiers  and  the  polar  ice  cap.  Indeed,  we 
live  on  the  lx>rder  of  the  last  glacial  epocb,  for  with  the 
closing  of  this  period  tiie  long  geologic  past  merges  into 
the  [jresent. 

And  the  present,  no  less  than  tlie  past,  is  a  time  uf 
change.  That  is  the  thought  which  James  Hutton  con- 
ueive<l  more  than  a  century  ago,  but  which  his  contem- 
poraries and  successora  were  so  very  shnv  to  appreciate. 
Now,  however,  it  has  become  axiomatic— one  can  hardly 
realize  that  it  was  ever  doubted.  Every  new  scientific 
truth,  says  Agassis,  must  pass  tli rough  three  stages^ 
tirst,  men  say  it  is  not  true;  then  tliey  declare  it  hostile 
to  religion ;  finally,  they  assert  that  every  one  has 
known  it  alwavs*  Hut  ton's  truth  that  natural  law  ts 
cbungeless  and  eternal  has  reached  this  final  stage.  No- 
where now  could  yon  lind  a  scientist  who  would  dispute 
the  truth  of  that  text  wliich  Lyell,  quoting  from  Pla}'^- 
fair's  /JltiHfrftffons  of  the  IluttimNm  Thcfu'tj,  printed  on 
the  title-page  of  his  Prhiciph:M:  "  Amid  all  the  revolU' 
tions  of  the  globe  the  economy  of  Nature  has  been  uni- 
form, and  her  laws  are  the  only  things  that  have  resisted 
the  general  movement.  The  rivers  and  the  rocks,  th© 
gens  and  the  oontinenta*  have  been  changed  in  all  their 
parts;  but  the  lawi;  which  direct  those  changes,  and  the 
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rules  to  which  they  are  subject,  have  remained  invaria- 
bly the  s;ime.'** 

But.  on  the  other  hand,  Uutton  and  Playfair,  and  in 
IKirticuhir  I.yelK  drew  inferences  from  this  principle 
which  the  modern  physicist  can  by  no  means  admit. 
To  them  it  implieil  that  the  changes  on  the  surface  of 
the  earth  have  always  been  the  same  in  degree  as  well 
as  in  kiiul,  and  must  so  continue  while  present  forces 
hold  their  sway.  In  other  wonis,  they  thought  of  the 
world  as  a  great  per|>etual-motion  machine.  But  the 
iniMlern  physicist,  given  truer  mechanical  insight  by  the 
doctrines  of  the  conservation  and  the  dissipation  of  en- 
er«;y,  will  have  noiHM)f  that.  Loiil  Kelvin,  in  particular, 
has  urired  that  in  the  periiKls  of  our  earth's  infancy  and 
ailolesoi'nce  its  (li'volopm«»ntal  changes  must  have  been, 
like  those  of  any  other  infant  oi'ganisui,  vastly  more 
rapi»l  anil  prononnced  than  those  of  a  later  day ;  Jind 
to  vvwy  clear  thinker  this  truth  also  must  now  seem 
axiomatic. 

Whoever  thinks  of  the  earth  as  a  cooling  glolxj  can 
hardly  ilouht  that  its  cnist,  when  thinner,  may  have 
heaved  under  strain  of  the  moon's  tiihil  pull— whether 
or  not  that  l>ody  was  nearer  -  into  great  billow.s,  daily 
rising  and  falling,  like  waves  of  the  present  seas  vastly 
magnified. 

rnder  sti'css  of  that  same  lateral  pressure  from  con- 
traction which  now  produces  the  slow  depression  of  the 
Jersey  coast,  the  slow  rise  of  Sweden,  the  occasional 
belching  of  an  insignificant  volcano,  the  jetting  of  a 
geyser,  or  the  trenibling  of  an  earthquake,  once  large 
areas  were  rent  in  twain,  and  vast  floods  of  lava  flowed 
over  thousands  of  s(]uare  miles  of  the  earth's  surface 
perhaps  at  a  single  jet ;  and,  for  aught  we  know  to  the 
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contmry,  gigantic  moiin tains  may  have  heaj^ecl  up  their 
conLurteil  IteaUs  in  cataclysms  as  sjmsiaodic  as  even  the 
most  anient  catastropbist  of  the  elder  day  of  geology 
could  have  imagincil 

Tbo  atmospbtTL*  ol  that  oariy  day,  filled  with  vast 
volumes  of  carbon^  oxygen,  atid  otber  cbemicak  that 
buve  since  boon  stored  m  beds  of  coal^  limestone,  and 
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^anites,  may  have  worn  down  the  rocks,  on  the  one 
hand,  and  built  up  organic  forms  on  the  other,  with  a 
rapidity  that  would  now  seem  hanlly  conceivable. 
And  yet  while  all  these  anomalous  things  went  on, 
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the  same  laws  held  that  oow  are  operative ;  and  a  true 
doctrine  of  aniformitarianism  would  make  no  unwonted 
concession  in  conceding  them  all— thongh  most  of  the 
embittered  geological  controversies  of  the  middle  of  our 
century  were  due  to  the  failure  of  both  parties  to  realize 
that  simple  fact. 

And  as  of  the  past  and  present,  so  of  the  future.  The 
same  forces  will  continue  to  operate ;«Bd  under  oper- 
ation of  these  unchanging  forces  each  day  will  differ 
from  every  one  thut  has  preceded  it.  If  it  be  true,  as 
every  physicist  believes,  that  the  earth  is  a  cooling 
globe,  then,  whatever  its  present  stage  of  refrigeration, 
the  time  must  come  when  its  surface  contour  will  assume 
a  rigidity  of  level  not  yet  attained.  Then,  just  as  sure- 
ly^  the  slow  action  of  the  elements  will  continue  to  wear 
away  the  lanil  surfaces,  particle  by  particle,  and  trans- 
port thoni  to  the  ocean,  as  it  does  to-day,  until,  compen- 
sation no  longer  being  afforded  by  the  upheaval  of  the 
continents,  the  liust  foot  of  dry  land  will  sink  for  the 
last  time  beneath  the  water,  the  last  mountain -peak 
melting  away,  and  our  globe,  lapsing  like  any  other 
organism  into  its  second  childhood,  will  be  on  the  sur- 
face— as  presumably  it  was  before  the  first  continent 
rose — one  vast  "  waste  of  watere."  As  puny  man  con- 
ceives time  and  things,  an  awful  cycle  will  have  lapsed; 
in  the  sweep  of  the  cosmic  life,  a  pulse-beat  will  have 
throbbed. 
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*^  An  astonisliing  miracle  1ms  jtist  m^curred  in  our  dis- 
trict,"* wrote  M,  Martils,  a  worthy  if  tindistinguished 
citi7.en  of  France^  from  his  home  at  L'Aigle,  under  date 
of  **  tlie  K^th  Floreal,  year  1 1  *' — a  date  which  outsitle 
of  France  would  be  interpreted  as  meaning  May  3, 
1803.  This  **iniiracl6'*  was  tfje  appearance  of  a  ''  fire- 
ball" in  bn>ad  djiyliglit — '*  perliaps  it  was  wildfire,'* 
says  tbe  naive  ehrtmicle  —  whicb  *'  bung  over  the 
nieadon%'*  tjeing  seen  by  nmny  people,  and  then  ex- 
])loded  with  a  loud  sound,  scattering  thouKaiids  of 
stony  fragments  over  the  surface  of  a  territory  some 
miks  in  extent. 

Such  a  "nnracle"  could  not  have  been  announced  at 
a  more  opportune  tinie.  Fur  some  years  the  scieiilific 
woHd  bail  been  agog  over  tbe  question  whether  such  a 
frmn  of  lightning  as  that  reported— appearing  in  a  clesir 
sky,and  hurling  literal  thunder-bolts — had  real  existence. 
Such  Qi\st}B  had  been  reported  often  enough,  it  is  trui*. 
The  'Hhurnler-Mts"  tliemselveH  were  exhibite*t  as  sa- 
cred relies  Ix^fore  tnany  an  jdiar.  atid  thos«*  who  doubted 
tbeir  authenticity  had  been  cliided  as  having  '*an  eVil 
beart  of  unbelief/'  But  scientific  scepticism  bad  ques- 
ts? 
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tioned  the  evidence,  and  late  in  the  eighteenth  centnry 
a  oonsensos  of  opinion  in  the  French  Academy  had  de- 
clined to  admit  that  such  stones  had  been  "  oonteyed  to 
the  earth  by  lightning,"  let  alone  any  more  miracQlous 
agency. 

In  1802,  however,  Edward  Howard  had  read  a  paper 
before  the  Royal  Society  in  which,  after  reviewing  the 
evidence  recently  put  forward,  he  had  reached  the  con- 
clusion that  the  fall  of  stones  from  the  sky,  sometimes 
or  always  accompanied  by  lightning,  must  be  admitted 
as  an  actual  phenomenon,  however  inexplicable.  So 
now,  when  the  great  stone-fall  at  L'Aigle  was  an- 
nounced, the  French  Academy  made  haste  to  send  the 
brilliant  young  physicist  Jean  I^aptiste  Biot  to  investi- 
giite  it,  that  the  matter  might,  if  {x>ssible,  be  set  finally 
at  rest.  The  investigation  was  in  all  respects  successfnl, 
and  Blot's  report  transferred  the  stony  or  metallic  light- 
ning-bolt—the aerolite  or  meteorite — from  the  realm  of 
tradition  and  conjecture  to  that  of  accepted  science. 

But  liow  explain  this  strange  phenomenon  ?  At  once 
speculation  was  rife.  One  theory  contended  that  the 
stony  masses  had  not  actually  fallen,  but  had  been 
formed  from  the  earth  by  the  action  of  the  lightning ; 
but  this  contention  was  early  abandoned.  The  chemists 
were  disposed  to  believe  that  the  aerolites  had  been 
formed  by  the  combination  of  elements  floating  in  the 
upper  atmosphere.  Geologists,  on  the  other  hand, 
thought  them  of  terrestrial  origin,  urging  that  they 
might  iiave  been  thrown  up  by  volcanoes.  The  astron- 
omers, as  represented  by  Olbers  and  Laplace,  modified 
this  theory  by  suggesting  that  the  stones  might,  indeed, 
have  been  cast  out  by  volcanoes,  but  bv  volcanoes  sit- 
uated not  on  tiie  earth,  but  on  tiie  moon. 
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Ami  one  speculator  of  llie  time  tuok  a  step  evnn  more 
ctaHng,  urging  that  the  aeitiiites  were  neither  of  telluric 
norselenic  origin,  nor  yet  children  of  the  Bun,as  the  oltl 
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'reeks  liud,  niaiiy  of  the  in,  contetule*!,  but  that  they 
are  visitants  from  the  depths  of  cnsiiite  space,  Tbia 
bold  gjwcuhitor  was  the  distinguisheil  German  physicist 
Ernst  F.  F,  Chladni,  a  man  of  no  small  repute  in  his 
day.  As  early  as  1704  In*  urged  Ids  cnsTrdcal  theory 
cif  meteorites,  when  the  very  existence  of  motcMirdes 
was  denied  by  most  scientists.     And  he  did  more  :  he 
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declared  his  belief  that  these  falling  stonei  were  really 
one  in  origin  and  kind  with  those  flashing  meteors  of 
the  upper  atmosphere  which  are  ^miliar  everywhere  as 
"  shooting-stars." 

Each  of  these  coruscating  meteors,  he  affirmed,  mast 
tell  of  the  ignition  of  a  bit  of  cosmic  matter  entering 
the  earth*s  atmosphere.  Such  wandering  bits  of  ma^ 
ter  might  be  the  fragments  of  shattered  worlds,  or,  as 
Chladni  thought  more  probable,  merely  aggregations 
of  ^Svorld  stuff  never  hitherto  connected  with  any 
large  planetary  mass. 

Naturally  enough,  so  unique  a  view  met  with  very 
scant  favor.  Astronomei-s  at  that  time  saw  little  to  jusr 
tify  it;  and  the  non-scientific  world  rejected  it  with 
fervor  as  being  ''atheistic  and  heretical,"  because  its 
acce])tance  would  seem  to  imply  that  the  universe  is  not 
a  perfect  mechanism. 

Some  light  was  thrown  on  the  moot  point  presently 
by  the  observations  of  Brandes  and  Benzenberg,  which 
tended  to  show  that  falling-stars  travel  at  an  actual 
speed  of  from  fifteen  to  ninet\'  miles  a  second.  This 
observation  tended  to  discredit  the  selenic  theory,  since 
an  object,  in  order  to  acquire  such  speed  in  falling  mere- 
ly from  the  moon,  must  have  been  projected  with  an  in- 
itial velocity  not  conceivably  to  be  given  by  any  lunar 
volcanic  impulse.  Moreover,  there  was  a  growing  con- 
viction that  there  are  no  active  volcanoes  on  the  moon, 
and  other  considerations  of  the  same  tenor  led  to  the 
complete  abandonment  of  the  selenic  theory. 

But  the  theory  of  telluric  origin  of  aerolites  was  by 
no  means  so  easil}^  disposed  of.  This  was  an  epoch 
when  electrical  phenomena  were  exciting  unbounded 
and  universal  interest,  and  there  was  a  not  unnatural 
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tendency  to  ap{)eal  to  electricity  in  explanation  of  every 
obscure  phenomenon;  and  in  this  case  the  seeming  sini- 
ihirity  between  a  li^^htning-flash  and  tlie  flash  of  an 
aerohte  lent  color  to  the  explanation.  80  we  tirid 
Thomas  Forster,  a  meteorologist  of  repute,  still  atlher- 
in^  to  the  atmospheric  theory  of  formation  of  aerutitea 
in  bis  bo4>k  publishtMt  in  1823  ;  arul,  indeed,  tlu^  prevail- 
ing opinion  of  the  tiiiie  seemed  divided  between  various 
telluric  theories,  to  the  neglect  of  any  cosmical  theory 
whatever. 

But  in  1833  occiiri'ed  a  pbenometion  which  sot  the 
matter  Hnally  at  rest*  A  great  meteoric  shower  oe* 
curretl  in  November  of  tliat  year,  and  in  observing  it 
t*rofessor  Uenisitn  Olmsted,  of  Yale,  noted  tliat  all  the 

^rs  of  tlie  shower  ap[ieared  to  come  from  a  single 
centre  or  vanishing-point  in  the  heavens,  and  that 
this  centre  shifted  its  position  with  the  stars,  and  hence 
WHS  not  ttdturic.  The  full  signdicancu  of  tiiig  ol>ser- 
vation  was  at  once  recognized  Ity  astronomers ;  it  de- 
monstrate<l  beyond  all  cavil  the  cosmical  origin  of  the 
shooting-stars.  Some  conBervative  meteorologists  kept 
up  the  argument  for  the  telluHe  origin  for  some  ilecades 
to  come  as  a  matter  of  course — sucli  a  hand  traiU  always 
in  tho  rear  of  progrt^ss,  Bat  even  these  doubtera  were 
silenced  when  tlie  great  shower  of  sliooting-Htai's  a[»- 
peai'ed  again  in  18B6»  as  pretlicted  by  Olivers  and  Neiv- 
ton,  radiating  from  the  same  i>oint  of  the  heavens  as 
before. 

Since  then  the  spectroscope  has  added  its  confirmatory 
evidence  ns  to  the  identity  of  meteorite  and  shooting- 
star,  and,  moreover,  has  linked  these  atmospheric  meteors 
with  such  distant  cosmic  residents  an  comets  and  nebulae. 
Thus  it  appeal rs  thatCldatlni's  daring  hyiiotliesis  of  il*H 
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has  been  more  tlian  veritied*  and  that  l\w  fragments  of 
matter  dissociated  from  planetary  connection — which  he 
postulateii  and  was  dwlared  atheistic  for  |)ostulatiiig— 
liave  been  si  town  to  be  bill  ions  of  times  more  numerous 
than  any  larger  cosmic  bodies  of  which  we  have  cog- 
iiizance— so  widely  does  the  existing  universe  differ  fmm 
man's  preconcoiveil  notions  as  to  what  it  shoohj  be, 

Tims  also  the  '*  niiracle  '^  of  the  falling  stone,  against 
wliich  the  scientific  scepticism  of  yesterday  presented 
"  an  evil  heart  of  unbelief,'^  turns  out  to  be  the  most 
natural  of  phenomena,  inasmuch  as  it  is  repeated  in  our 
atmosphere  some  millions  of  times  each  day. 


n 

If  fired>alls  were  thought  miraculous  and  portentous 
in  days  of  yore,  what  inlerpretatioo  must  needs  have 
been  put  upon  that  vastly  more  picturesque  phenom* 
enon,  the  auroiu?  **Thiv>ugh  all  the  city,"  says  the 
Book  of  Maccabees,  *'  for  tlie  space  of  almost  forty  days^ 
there  were  seen  horsemen  running  in  the  air,  in  cloth 
of  goUl»  armed  with  lances,  lil^e  a  band  of  soldiers:  and 
troops  of  horsemen  in  array  encountering  and  running 
one  against  an othi?r»  witli  sliukingof  shields  atid  multi- 
tude of  pikes,  and  drawing  of  swonls,  and  cii sting  of 
darts,  and  glittering  of  goUlen  ornaments  and  harness/* 
Dire  omens  tliese ;  and  hartlly  less  ominous  the  aurora 
seemed  to  all  succeeding  generations  that  observed  it 
<h>wn  till  well  into  the  eit^hteenth  century— as  witness 
llie  popular  excitement  in  England  in  1716  over  the 
l>riUiant  aurora  of  that  year,  which  became  famous 
through  Ilulley's  description. 

But  after  1752,  when  Franklin  dethroned  the  light- 
leg 
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ning,  all  ti[)€ctacular  meteors  came  to  be  regaitled  as 
natural  pbenoraena,  tlie  aurora  among  the  rest.  Frank- 
Jin  explained  tlie  auroni^ — which  was  seen  commonly 
enougl]  in  the  ei>^hteentb  centurv,  tljough  only  recoithni 
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once  in  the  seventeenth — asiluc  to  the  nceumulation  of 
electricity  on  t!ie  surface  of  |i(iliir  snows,  and  its  dis- 
charge to  the  eqnutor  through  the  u|)|fcer  attuosphere. 
Erasniiiti  Darwin  suggested  that  tlio  luminosity  might  he 
due  to  the  ignition  of  hydrogen,  wliich  was  snp(K)seil  by 
many  philosophers  to  form  the  upper  atmosphere.  Dal- 
ton,  KvUit  first  measured  the  h(*iglit  of  the  nnr(»ra,  esti- 
mating it  at  about  one  hundrml  miles,  thought  tli©  pht'- 
nomenon  dne  to  mrmnetism  Jictintj  on  ferruginous 
particles  in  the  air,  ami  his  ex [thi nation  was  perhaps 
the  most  popular  one  at  the  beginning  of  the  century. 
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Sinoe  then  a  multitude  of  observera  have  studied  the 
aurora,  but  the  scientific  grasp  has  found  it  as  elusive  in 
fact  as  it  seems  to  casual  observation,  and  its  exact  nat- 
ure is  as  undetermined  today  as  it  was  a  hundred  years 
ago.  There  has  been  no  dearth  of  theories  concerning 
it,  however.  Hiot,  wiio  studied  it  in  the  8hetknd  Isl- 
ands in  1S17,  thought  it  due  to  electrified  ferruginous 
dUNt,  the  t>rigin  of  wliicii  he  ascribed  to  Icelauidic  vol- 
tMUHM^N.  Mucii  uKjre  recently  tlie  idea  of  ferruginous 
|MirlioU'M  has  l>een  revived,  their  presence  being  ascribed 
not  to  vnl(Min(N%  but  to  the  meteorites  constantly  being 
diwipattnl  in  tht^  upper  atmosphere.  Ferruginous  dust, 
pft^NMnialtly  «>r  such  (>ri<^in,  has  been  fuund  on  the  ]K)lar 
NhiiWH,  MM  W(*ll  as  on  the  snows  of  mountain-tops,  but 
whrlhor  it  rouM  proihico  the  phenomena  of  auroras  is 
at  hMiNt  ati  ojMMi  (piostion. 

nthor  ihtMirisls  have  cxphiined  tlte  aurora  as  due  to 
thf*  MiMMiMiuhitioM  (»r  t'hvtricMty  on  clouds  or  on  spicules 
of  l»Mi  ill  (ho  u|»|M«r  air.  Vot  othore  think  it  due  merely 
III  Mm  |iM«nM^M«  of  fItMlricity  tlirongh  rarefied  air  itself. 
ttiMiihnlili  roiiHiiioriMl  tho  niattor  soitlod  in  yet  another 
way  wUow  Viwmhiy  showod.  in  ls;U,  that  magnetism 
MMiy  priMhu'o  hniiiuiiiis  I'lTccts.  liut  perhaps  the  pre- 
vmIHiim;  ihoMi'v  III'  IimImv  assinnos  that  the  aurora  is  due 
III  a  iMirriMit  of  oliM-lririiy  ;c«*»«*''at<»d  at  tiio  equator,  and 
piiHKln^  lhrou|rh  u|)|MM*  n»^nons  of  space,  to  enter  the 
iMirlh  al  Ihc  nia^Miclic  |mi1(»s  simply  rovoi*sin«.'  the  course 
which  l*'ninl(liii  nHHumcd. 

TlioHimJlarily  of  the  auroral  lit^ht  to  that  generated 
In  a  vacuum  Ihi1I>  by  the  passa^^  of  electricity  lends 
Hupport  t(»  the  lon^Hlandin^  supposition  that  the  aurora 
Ih  of  electrical  origin,  but  the  subject  still  awaits  com- 
plete eluoldation.    For  onoe  even  that  mystery-solver 
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the  speciruscopo  has  beeti  baMed^  for  the  hne  it  sifta 
fruui  the  aurora  is  not  matched  by  that  oJ:  any  recog- 
nhiid  BubsUitici?,  A  like  line  is  found  in  the  zodiacal 
lighLj  it  is  true,  but  this  is  of  little  aid,  for  the  zodiacal 
light,  tliough  thought  by  souitj  astroiiomers  to  be  duo  to 
iiit^teor  swarms  about  the  suti,  is  held  tu  be^  on  tlje 
whuie,  its  mysterious  as  the  aurora  itself. 

Whatever  the  exact  nature  of  the  aurora,  it  has  long 
been  kpon'o  to  be  intiuiately  associated  with  the  phe- 
nomena of  terrestrial  magnetism.    Whenever  a  brilbant 


aurora  is  visible,  the  world  is  sure  to  be  visited  with 
what  Humboldt  called  a  magnetic  storm— a  *' storm'* 
which  man i tests  itself  to  human  senses  in  no  way  what- 
ttoevor  except  by  detlecting  the  magnetio  needle  and 
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mm  cvKMBtr  mmo^oMZsed  aJso  vitk  i|kiIs  oa  thei 
bow-  mo  omt  has  expfiuaed.  tboagh  tlie  fiwl  itnlf  it  un- 
qveaiooeil  Sas^9>3C&  um.  seem  diractlr  linked  with 
aorons.  «acfi  *ji  Tciese  pc-nomem  pasing  thioogfa  peri- 
ods of  grva^iei^s  an4  l<ast  freqnencr  in  corresponding 
CTcIcs  of  ikbtXLi  eievea  rears'  doralion. 

It  was  sss^^ctied  a  fall  centnrj  ago  by  Herachel  that 
the  Taria::ocL»  in  the  namber  of  son  spots  liad  a  direct 
effect  ap>a  terrestrial  weather,  and  he  attempted  to 
demonstrate  it  by  using  the  price  of  wheat  as  a  criterion 
of  climatic  coaii  it  ions,  meantime  making  careful  observa- 
tion of  the  sun-s*j><:»:s.  Xotiiing  very  detinite  came  of  his 
efforts  in  this  ilirection,  the  subject  being  far  too  complex 
to  be  deterraineil  without  hmg  periods  of  observation, 
latterly.  h«i\vever.  nieie»jn.»logists.  ])articular]y  in  the 
tropics,  are  dis|>oseii  to  think  they  find  evidence  of  some 
such  connection  between  sunsiK>ts  and  the  weather  as 
Ilerschel  susi)ected.  Imleed.  \fr.  Meld  rum  declares  that 
there  is  a  |xjsitive  coincidence  between  periods  of  numer- 
ous sun-spots  and  seasons  of  excessive  rain  in  India. 

That  some  such  connection  does  exist  seems  intrinsi- 
cally probable.  But  the  modern  meteorologist,  learning 
wisdom  of  the  past,  is  extremely  cautious  about  ascribing 
casual  effects  to  astronomical  phenomena.  He  finds  it 
hard  to  forget  that  until  recently  all  manner  of  climatic 
conditions  were  associated  with  phases  of  the  moon ; 
that  not  so  very  long  ago  showers  of  falling-stars  were 
considered  "prognostic"  of  certain  kinds  of  weather; 
and  that  the  "equinoctial  storm"  had  been  accepted  as 
ti  verity  by  every  one,  until  the  unfeeling  hand  of  statis- 
tics banished  it  from  the  earth. 

Vet,  cm  the  other  hand,  it  is  easily  within  the  possi- 
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hilt  ties  that  the  scieDce  of  the  future  may  reveal  assoGia- 
lions  ijetween  the  weatiier  and  sun-spots,  auroras,  and 
terrestrial  magnetism  that  as  yet  am  hartlly  dreamed  of. 
Until  such  tiuie,  however,  these  phenomena  must  feel 
themselves  very  grudgingly  admitted  to  the  inner  circle 
of  meteorology.  More  and  more  this  science  concerns 
itself^  in  our  age  of  concentration  and  specialimtion, 
with  weather  and  dimute.  Its  votaries  no  longer  con- 
cern themselves  with  stars  or  planets  or  comets  or  shoot. 
ing'Stars— once  thought  the  very  essence  of  guides  tu 
weather  wisdom  ;  and  they  are  even  looking  askance  at 
the  moon,  and  asking  her  to  show  cause  why  she  also 
should  not  Ije  excluded  from  their  domain.  Equally 
little  do  they  care  for  tlie  interior  of  the  earth,  since 
they  have  learneil  tliat  the  central  emanations  of  heat 
which  Mairan  imagined  as  a  main  source  of  aerial 
warmth  can  claim  no  such  distinction.  Even  such  prob- 
lems as  why  the  magnetic  pole  does  not  coincide  with 
the  geographicul,  and  why  the  force  of  terrestrial  mag- 
netism decreases  from  the  magnetic  poles  to  the  mag- 
netic equator,  as  Ilumhuklt  first  discovei^d  that  it  does» 
excite  them  only  to  lukewarm  interest;  for  magnetism^ 
they  savi  is  not  known  to  have  any  connection  whatever 
with  climate  or  weather. 


in 

There  is  at  least  one  form  of  meteor,  however,  of  thofla' 
that  interested  onr  forebears,  whose  meteorological  im- 
portance they  diti  not  overestimate.  Tliis  is  the  vapor 
of  water.  How  great  was  the  interest  in  this  familiar 
meteor  at  the  beginning  of  the  century  is  attested  by  the 
number  of  theories  then  extant  regarding  it;  and  tlieso 
conflicting  theories  i»ear  witness  also  to  the  difficulty 
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Willi  whidi  tk»  fMniltar  pbeiDoietioii  of  ihe  evajionaion 
oC  water  wis  expUuned. 

Frankliii  Iwd  ai^ggested  ibat  air  dissolTos  water  much 
as  water  dtaBolToa  satt^and  Ibis  theory  was  stilt  popular^ 


fifTBATPe  CLotne 


though  Deluc  had  disprovetl  it  by  sli owing  that  water 
eva[K)rates  even  more  rftpidly  in  ii  vacuum  than  In  air. 
Deluc's  own  theon%  Ixjrrmved  from  earlier  cbemists, 
was  that  evai»oration  is  the  chemical  union  of  particles 
nf  water  with  particles  of  the  supjiosititious  element  heat. 
Erasmns  Diirwin  coiuhineii  the  two  theories,  suggesting 
that  the  air  might  hnld  a  vanabto  cjuantity  of  vapor  in 
mere  solution,  antl  in  addition  a  permanent  inoiety  in 
chemical  combination  with  caloric, 

Undi^itnrbed  by  those  conflicting  views,  that  strangely 
original  gonins,  John  Dalton,  afterwards  to  he  Icnown  as 
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jXjrbaps  Ibe  grt^utej^t  of  tbeoroticfil  cheitiists^  took  the 
question  m  bancl,  and  solved  it  by  showing  that  water 
exists  in  the  air  as  an  utterJy  independent  ^w^.  Lie 
n»acli(>d  a  (tarlial  insight  \nin  the  niattcr  in  171*3,  when 
his  first  volume  of  ineteorolog^ical  essays  was  published; 
but  the  full  elucidation  of  the  problem  came  to  him  in 
ISf'L  The  merit  of  his  studies  was  at  once  recognized, 
but  the  tenability  of  his  hypulbesis  was  long  and  aitlently 
disputml. 

While  the  nature  of  ovai^oration  was  in  dispute,  as  a 
matter  of  course  the  question  of  precipitation  must  \m 
etpially  undeterminLMl.  The  most-  famous  theory  o(  the 
|»enod  was  that  formulated  by  Dn  liutton  in  a  paper 
read  before  the  Royal  Society  of  Edinburgh,  and  [}ub- 
lishefl  in  the  volume  of  transactions  which  contained 
also  the  same  author's  ejjoch-niuking  paper  on  geology. 
This  **  theory  of  rain''  explaiued  precipitation  as  due  to 
the  cooling  of  a  current  of  saturatetl  air  by  contiu^t  with 
a  coliler  current,  the  assumption  btaing  that  the  surplus- 
ag©  of  moisture  was  precipitated  in  a  chemical  sense, 
just  as  the  excass  of  salt  dissoWefl  in  hot  water  is  pre* 
dpitated  wlien  the  water  cools.  The  idea  that  the  cool- 
ing^  of  the  saturated  air  causes  the  precipitation  of  its 
moisture  is  the  germ  of  truth  that  renders  this  ()ai>or  of 
Itutton^s  imiKirtant.  All  correct  later  thoorios  build  on 
this  fount  la  tion* 

Tho  next  ambitions  atLem[)t  to  explain  the  phenomena 
of  acpieoiis  nK?leorH  was  MKule  by  Luke  Tlowat-^!,  in  his 
remarkable  paper  on  c*louds,  pul»ii?4hed  in  the  Phihmttph- 
fVvi/  Mtujft-sin^  in  1803— the  paper  in  which  th©  names  i 
cirruK,  euninlus,  stratus,  cte.*  aftcMMvnrds  so  universally 
adojiled,  wtiUi  lirst  projmsed.  In  tins  paper  Howard 
acknowledges  bis  indebtedness  to  Dalton  for  the  theory 
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of  ov;i{M>ratioiK  yet  he  still  clings  to  the  idea  that  the 
viipiir,  thoutrh  itule|)eiulent  of  the  air,  is  combined  with 
|K)r(iolt\s  of  caloric,  lie  holds  that  clouds  are  composed 
of  vapor  that  lias  previously  risen  from  the  earth,  com- 
bating tlic  opinions  of  those  who  believe  that  they  are 
forniivl  by  the  union  of  hydrotj^en  and  oxygen  existing 
nulcpondontly  in  the  air;  though  he  agrees  with  these 
theorists  that  elect rioity  has  entered  largely  into  the 
///i>i/f/.v  i'jtt  rfiht/t  of  cloud  formation,  lie  opposes  the 
opinion  of  I>cluc  and  de  Saussure  that  clouds  are  com- 
posed of  particles  of  water  in  the  form  of  hollow  vesicles 
^miniature  balloons,  in  short,  ])erhaps  tilled  with  hydro- 
licto.  winch  untenable  opinion  was  a  revival  of  the  theor}' 
as  i»»  till*  toi  Illation  t>f  all  vapor  which  Dr.  llalley  had 
adxocaitMl  c.irl\  in  the  eijj:htecnth  century. 

(M  particular  iii!crt>si  arc  llowarifs  views  as  to  the 
loiinatj.Mi  »»r  Jew,  wliich  he  explains  Jis  Ciiused  by  the 
particles  ..f  caN»ric  lorsakitiir  the  vapor  to  enter  the  cool 
b,i.l\ .  Iea\m«;  the  wattM"  on  the  surface.  This  comes  as 
near  the  truth  perhaps  as  could  be  ex|>ected  while  the 
ol<l  iilea  as  to  ihe  materiality  <)f  heat  held  sway.  How- 
ard l»elie\e.l.  ho\\ev»M\  that  dew  is  Usually  formed  in 
ilw^  air  ai  some  heiLrht.aiul  that  it  settles  to  the  surface, 
oppoMMj;  the  opinion,  which  had  «;ained  vogue  in  France 
.\\m\  in  Anienca  pvherc  Noah  Webster  prominently  ad- 
Noealeil  n »,  that  dew  asi'iMnls  from  the  earth. 

The  complete  solution  of  the  problem  of  dew  forma- 
litm  which  n»ally  in  vol  veil  also  the  entire  question  of 
precipitation  of  watery  vapor  in  any  form — was  made 
by  Dr.  ('.  W.  Wells. a  man  of  .Vmerican  birth,  whose  life, 
however,  aftt»r  boyluMMJ,  was  sjUMit  in  Scotland  (where 
as  a  y»)ung  man  he  enjoyeii  the  frieuilship  of  David 
llume'l  and  in  Londoti.     Inspiretl  no  doubt  by  the  re- 
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searches  of  Black,  Hiitton,  and  their  confreres  of  tliat 
Edinburgh  school,  Wt?lls  ma.de  observations  un  liViifiora- 
tion  and  precipitation  as  early  as  1784,  but  other  things 
claimed  his  attention ;  and  though  he  asserts  that  tho 
subject  Wiis  often  in  his  mind,  he  did  not  take  it  up 
ainiin  in  earnest  until  about  1812, 

Meuntime  tfie  observations  on  lieat  of  Runiford  and 
Davy  and  Ijeslie  had  cleared  the  way  for  a  proper  in- 
terpre tuition  of  the  facts — about  the  facts  themselves 
there  hud  hin^  been  practical  unanimity  of  opinion,  Dr, 
Black,  with  his  latent-heat  observations,  had  really  given 
the  clew  to  all  subsequent  discussiuns  of  the  subject  nf 
precipitation  of  vapor;  and  from  bis  time  on  it  liad  been 
mown  that  heat  is  taken  up  when  water  evaporates, 
md  given  out  again  when  it  cojidenses.  Dr.  Durwiu 
had  shown  in  1T88,  in  a  pai>er  before  the  Koyal  Society, 
that  air  gives  off  heat  on  contracting,  and  takes  it  upon 
(iKpanding;  and  Daltnn  in  his  essixy  of  17l.*3  had  ex- 
plained this  pJienomenon  as  due  to  the  condensation  and 
va])orization  of  the  water  contained  in  the  air. 

But  some  curious  and  puz/Jing  observations  whicli 
Professor  Patrick  Wilson,  Professor  of  Astronomy  in 
the  University  of  Glasgow,  had  communicated  to  the 
Royal  Society  of  Edinbui'gh  in  1784,  and  some  si  in  dar 
ones  made  by  Mr.  8ix  of  Canterbury  a  few  years  later, 
had  rcniainod  unexplained.  Both  these  gentlemen  ob- 
served that  the  air  is  cooler  where  dew  is  forming  than 
the  air  a  few  feet  higher^  and  they  infenx^d  that  the  dew 
in  furaiing  had  t^iken  up  heat,  in  apparent  violation  of 
established  physical  pti  net  pies. 

It  remained  fur  Wells,  in  his  memorable  pafter  of 
181(1,  to  show  that  these  observers  hrid  simply  gotten 
the  cart  before  the  horse.     He  made  it  clear  that  the 

171 


i^l^-ltf 


THE  STORV  OF  NINETEENTII-CEXTURV   SClEN'eE 

Hir  is  not  ccKjIer  becau%»e  tlie  tlevv  is  formed,  but  that  tbo 
dew  is  formed  bwiiuse  th©  air  is  cooler— having  become 
m)  tbroDgh  radiutjoa  of  beat  from  the  solids  on  wbich 
the  dew  forms.  Tlie  dew  itstjlf,  in  forming*  gWes  out 
its  latent  beiit,  and  so  tends  to  equalize  tbe  tem[>emture. 
Tbis  explanation  made  tt  plain  why  dew  forms  on  a 
clear  night,  when  there  are  no  clouds  to  reflect  the  nidi- 
ant  beat.  Combineti  with  DiUton*s  theory  that  vapor 
is  an  inde{)endent  gas,  limited  in  tjaantity  in  any  given 
spaOG  by  tbe  temjjeralure  of  that  space,  it  solved  the 
pr<»btein  of  tbe  formation  of  clouds,  min,  snow,  and 
boar-froat  Thus  tbis  |>a|*er  of  Wells's  doseil  tbe  epoch 
of  sfjeculation  regarding  tbis  field  of  meteorology,  as 
llutton'ti  paper  of  1784  bad  openetl  it.  The  fact  that 
tbe  volume  containing  Uutton's  paper  contained  also 
bis  epoch-making  paper  on  Geology,  finds  curiously  a 
diiplicjition  in  the  fact  that  Wells's  volume  contained 
als4)  Ids  essay  on  Albinism,  in  which  tbe  doctrine  of 
natural  selection  was  for  tbe  flrst  time  formulated,  as 
Charles  Darwin  freely  admitted  after  bis  own  efforts 
liad  made  the  doctrine  famous. 


Tbe  very  next  year  after  Dr.  Wells^s  paper  was  imb- 
Itshed,  there  apfH^Jif^^^d  in  France  the  third  volume  uf  tbe 
Mcitbolre^  da  PhjHhiH-i^  el  lU  Ckmue  fie  l-a  SofJt'M  cf'^ii*- 
euidl^  and  a  new  epoch  in  meteoi'ology  was  inaugurated. 
The  society  in  question  was  numerit-ally  an  inconse- 
quential hand,  listing  only  a  dozen  membei's.  But  every 
naniw  was  a  famuus  one:  Arago,  Burard,  Bertliollei, 
Blot,  Cbaptal^  de  Candolle,  Dulorig,  Gay-Lussiic,  Hum* 
boldt,  Laplac0»  l*oisson,  and  Theriard— rare  spirits  ©very 
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one.  Little  danger  tbat  tbe  memoirs  of  such  a  band 
would  be  relegated  to  tbe  dusty  shelves  where  most 
proceedings  of  societies  belong — no  milk-for- babes  fare 
would  be  served  tu  such  a  coinj)any. 

The  particular  paper  which  here  interests  us  closes 
this  third  and  last  volume  of  memoirs.  It  isi'ntitled/^f'* 
lifpies  kotJiermes  ei  de  la  dintrthtti*m  dt'  la  chaleur  sar  It' 
(jhJ^,  The  author  is  Alexander  Humboldt.  Needless 
to  sa3%  the  topic  is  handled  in  a  masterly  manner.  The 
distribution  of  heat  on  the  surface  of  tiie  globe,  on  the 
mountain  sides,  in  tlie  interior  of  tbe  eartli ;  tlte  causes 
that  regalate  sucb  distribution;  the  climatic  i^esult^ — 
these  are  the  topics  discussed.  But  what  gives  e|>ix;ltal 
character  to  the  pa|>er  is  the  introduction  of  tliose  iso- 
thermal lines,  circling  the  earth  in  irregular  course,  join- 
ing together  places  havmg  the  same  mean  annual  tem- 
peniture^and  thus  laying  the  foundation  for  a  science  of 
comparative  cli matulogy. 

It  is  true  the  attempt  to  study  climates  comparatively 
was  not  new.  Mai  ran  had  attempte<l  it  in  those  papers 
in  which  he  develo|>ed  hi^  bizarre  ideas  as  to  central 
emanations  of  heat.  Euler  liad  brought  his  profound 
mathematical  genius  tt*  bear  on  the  topic,  evolving  tbe 
*'  extraoitlinary  conclusion  that  niider  tlie  <H|uator  at 
midnight  the  cold  ought  to  be  more  rigorous  tlian  at 
the  fjoles  in  winter,"  And  in  particular  Uicliaril  Kir- 
wan,  tlie  English  chemist,  had  combined  the  nmtlieuiat- 
ical  and  the  em|jirical  methods,  and  calculated  temper- 
atures for  all  latitudes.  But  Humboldt  dilTers  from  all 
these  pi'edocesaors  in  that  he  grasps  the  idea  tbat  the 
basis  of  all  sucli  computations  should  be  not  theory,  but 
fact.  He  drew  his  isotbt*niiuI  hnes  not  where  some  oc- 
cult calculation  would  locite  tliem  on  an  ideal  globe, 
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but  whore  practical  tests  with  the  thermometer  locate 
tliem  on  our  globe  as  it  is/  London,  for  example,  lies  in 
tlie  same  latitude  as  the  southern  extremity  of  Hudson 
l^v  ;  but  the  isothennof  Lomlon,  as  Humboldt  outlines 
it,  passes  throuji^h  rincinnati. 

Of  ooursii  such  deviations  of  climatic  conditions  be- 
twoon  phioes  in  I  lie  same  latitude  had  long  been  known. 
As  llumlH)ldt  himself  observes,  the  earliest  settlers  of 
Ameriea  were  astonished  to  find  themselves  subjected 
to  ri^ifoi's  «)f  eliinate  for  whieh  their  Euro|iean  ex|>erience 
had  not  at  all  piv])artHl  them.  Moreover,  sagacious 
travellei's,  in  partieular  Cook's  coujpanion  on  his  second 
vt)ya^e,  youn*:  (iei)ry:e  Foi-ster,  had  noted  as  a  general 
]>riiu'iple  that  the  western  hoinlers  of  continents  in  tem- 
ptM'ate  re«j;ions  are  always  warmer  than  corresponding 
latitudes  of  their  t»astern  bordei*s ;  and  of  course  the 
general  truth  of  t«Mnperatures  being  milder  in  the  vicin- 
ity of  the  st»a  than  in  the  interior  of  continents  had  long 
been  familiar.  l>ut  1 1 umholdt^s  isothermal  lines  for  the 
first,  time  i^^ave  tanij:il)ility  to  these  ideas,  and  niJide  prac- 
tieabhi  a  truly  seientilie  study  of  comparative  climatol- 

In  stiulyiiio;  these  lines,  particularly  as  elaborated  by 
further  observations,  it.  l)eeame  clear  that  they  are  by 
no  means  haphazard  in  arrangement,  but  are  de[)endent 
upon  geo«^raphical  c»)inlitions  which  in  most  cases  are  not 
dilficult  to  determine.  Ilumbohlt  himself  pointed  out 
very  clearly  the  main  causes  that  tenil  to  produce  de- 
viations from  the  average — or,  as  Dove  later  on  called 
it,  the  normal — temperature  of  any  given  latitude.  For 
example,  the  mean  annual  temperature  of  a  region  (re- 
ferring mainly  to  the  northern  hemisphere)  is  raised  by 
the  proximity  of  a  western  coast ;  by  a  divided  config- 
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uration  of  the  continent  into  peninsulas ;  by  the  existence 
of  open  seas  to  the  north  or  of  radiating  continental 
surfaoeg  to  the  soutli;  by  mountain  ranges  to  shield 
from  cold  winds ;  by  the  infi'equency  of  swamps  to  be- 
come congealed;  by  tbe  absence  of  woods  in  a  dry, 
sandy  soil ;  and  by  the  serenity*  of  sky  in  the  summer 
months,  and  tbe  vicinity  of  an  ocean  current  bririgintr 
water  which  is  of  a  higher  teiDt>erature  than  that  of  tlie 
surrounding  sea. 

Conditions  opposite  to  these  lend,  of  course,  corre- 
spondingly to  lower  the  temperature.  In  a  word,  Ilum- 
botdt  says  the  cti matte  distribution  of  beat  de[>ends  on 
the  relative  distribution  of  land  and  sea,  and  on  the 
*' bypsometrical  configuration  of  the  continents";  and 
he  urges  tluit  **  gf'eat  meteorological  phenomena  cannot 
be   oomprebended   when   considered    independently  of 

►gnostic  relations  " — a  truth  which,  like  most  other 
geneml  principles,  seems  simple  enough  once  it  is 
pointed  out. 

With  tlmt  broad  sweep  of  imagination  which  charac- 
terized him,  Humboldt  speaks  of  the  atmosphere  as  tlie 
"aerial  ocean,  in  tlie  lower  strata  and  on  the  slioals  of 
which  we  liv%"  and  he  studies  the  atmospheric  phe- 
nomena  always  in  relation  to  those  of  that  other  ocean 
of  water.  In  each  of  these  oceans  tliere  are  vast  per- 
manent currents,  flowing  always  in  determinate  direc- 
tions, which  enormously  modify  the  climatic  conditions 
of  every  zone.  The  ocean  of  iuv  is  a  vast  maelstrom » 
boih'ng  up  always  under  the  inHuence  of  the  sun's  heat 
at  the  equator,  and  flowing  as  an  upper  current  towaixis 
either  pole,  whde  an  undercurrent  fmm  the  poles,  whieii 
becomes  tlic  trade- wiada^  Hows  towards  the  equator  to 
supply  its  place. 
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But  the  superheated  equatorial  air,  becoming  chilled, 
descends  to  the  surface  in  temperate  latitudes,  and  con- 
tinues its  poleward  journey  as  the  anti-trade-winds. 
The  trade>winds  are  deflected  towards  the  west,  because 
in  approaching  the  equator  they  constantly  pass  over 
surfaces  of  the  earth  having  a  greater  and  greater  veloc- 
ity of  rotation,  and  so,  as  it  were,  tend  to  lag  behind — 
an  explanation  which  Hadley  pointed  out  in  1735,  but 
which  was  not  accepted  until  Dalton  independently 
worked  it  out  and  promulgated  it  in  1793.  For  the 
opposite  reason,  the  anti-trades  are  deflected  towards 
the  east ;  hence  it  is  that  the  western  borders  of  con- 
tinents in  tem|)erate  zones  are  bathed  in  moist  sea- 
breezes,  while  their  eastern  borders  lack  this  cold-dis- 
|)elling  influence. 

In  the  ocean  of  water  the  main  currents  run  as  more 
sharply  circumscribed  streams — veritable  rivers  in  the  sea. 
Of  these  the  best  known  and  most  sharply  circumscribed 
is  the  familiar  Gulf  Stream,  which  has  its  origin  in  an 
equatorial  current,  impelled  westward  by  trade-winds, 
which  is  deflected  northward  in  the  main  at  Cape  St. 
Roque,  entering  the  Caribbean  Sea  and  Gulf  of  Mexico, 
to  emerge  finally  through  the  Strait  of  Florida,  and 
journey  off  across  the  Atlantic  to  warm  the  shoves  of 
Europe. 

Such,  at  least,  is  the  Gulf  Stream  as  Humboldt  under- 
stood it.  Since  his  time,  however,  ocean  currents  in 
general,  and  this  one  in  particular,  have  been  the  subject 
of  no  end  of  controversy,  it  being  hotly  disputed  whether 
either  causes  or  effects  of  the  Gulf  Stream  are  just  what 
Humboldt,  in  common  with  others  of  his  time,  con- 
ceived them  to  be.  About  the  middle  of  the  century. 
Lieutenant  M.  F.  Maury,  the  distinguished  American 
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hydrogmpber  and  meteorologist,  advocated  a  theory  of 
gravitation  as  tbe  ehief  cause  of  the  currents,  elaiuiiDg 
that  difference  in  density,  due  to  difference  in  temfier- 
atiire  and  saltness,  would  sutHciently  account  for  tlie 
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oceanic  circulation.  Th  is  theory  gained  great  iTOpularEty 
through  the  wide  circuhition  of  ^hiury's  /*h*j.fwtf/  frtmj- 
ntphj  ff  ihf  St'ff,  ivhiofi  is  stud  to  liave  passei!  tli rough 
inoro  etlitions   than  any  other  scieotiiic  bfiok   of  the 
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period ;  but  it  was  ably  and  vigorously  combated  by  Dr. 
James  Croll,  the  Scottish  geologist,  in  his  GlimaU  and 
Tifney  and  latterly  the  old  theory  that  ocean  carrents 
are  due  to  the  trade-winds  has  again  come  into  favor. 
Indeedf  very  recently  a  model  has  been  constructed,  with 
the  aid  of  which  it  is  said  to  have  been  demonstrated 
that  prevailing  winds  in  the  direction  of  the  actual  trade- 
winds  would  produce  such  a  current  as  the  Gulf  Stream. 

Meantime,  however,  it  is  by  no  means  sure  that  gravi- 
tation does  not  enter  into  the  case  to  the  extent  of  pro- 
ducing an  insensible  general  oceanic  circulation,  inde- 
|)endent  of  the  Gulf  Stream  and  similar  marked  currents, 
and  similar  in  ita  larger  outlines  to  the  polar-equatorial 
circulation  of  the  air.  The  idea  of  such  oceanic  circula- 
tion was  tii'st  suggested  in  detiiil  by  Professor  Lenz  of 
St.  IVtersburg,  in  IS45,  but  it  was  not  generally  recog- 
u'vAQiX  until  Dr.  Cur|K»nter  independently  hit  upon  the 
iiliMi  motv  than  twenty  years  later.  The  plausibility  of 
the  conooption  is  obvious ;  yet  the  alleged  fact  of  such 
circulation  has  been  hotly  disputed,  and  the  question  is 
still  nuftJuditY. 

Hut  whether  or  not  such  general  circulation  of  ocean 
water  t^ikos  place,  it  is  beyond  dispute  that  the  recog- 
nizee! curriMit.s  carry  an  enormous  quantity  of  heat  from 
the  tropics  towards  the  |>ole8.  Dr.  Croll,  who  has  per- 
haps given  more  attention  to  the  physics  of  the  subject 
than  almost  any  other  |>erson,  computes  that  the  Gulf 
Stream  conveys  to  the  North  Atlantic  one-fourth  as 
much  heat  as  that  body  receives  directly  from  the  sun, 
and  he  argues  that  Avere  it  not  for  the  transportation  of 
heat  b}^  this  and  similar  Pacific  currents,  only  a  narrow 
tropical  region  of  the  globe  would  l)e  warm  enough  for 
habitation  by  the  existing  faunas.    Dr.  Croll  argues  that 

180 


TUK  CENTUH\"1J   rUUGHEbS   IN   METKOKULOGY 


a  slight  change  in  the  relative  values  of  northern  and 

southern  trade- winds  (such  as  ho    helieves   has  taken 

place  at  vaHuus  t**-''i'x^ls  in  the  past)  would  suiHce  to  so 

^aitar  the  equatorial  current  which  now  feeds  the  GuU 

kreani  that  iU  main  bulk  would  be  deflected  southward 
instead  of  northward,  by  the  angle  of  Oa[)o  8t>  Roque. 
Thus  the  Gidf  Stream  would  be  nipped  in  tlie  bud,  and, 
according  to  Ur.  CroiTs  estimates,  the  results  wuuld  be 
disastrous  for  the  northern  hemisphere.  The  anti-trades, 
which  now  are  warmed  by  tlie  Gulf  Stream,  would  then 
blow  as  cold  winds  acruss  the  shores  of  western  Europe, 
and  in  all  pmbability  a  glacial  eptxsh  would  supervene 
throughout  the  northern  hemisphere. 

The  same  consequences^  so  far  as  Eurojw  is  con- 
cerned at  leastj  would  apparently  ensue  were  the  Isth- 
mus of  Panama  to  settle  into  the  sea,  allowing  the  Ca- 
iXibbean  current  to  pass  into  the  Pacific.     But  the  geol- 

>gist  tells  us  that  this  isthmus  rose  at  a  comparatively 
sDt  geological  i>6riod,  thi>ugh  it  is  hinted  that  there 
Kad  been  some  time  previously  a  temporary  hind  con- 
nection between  the  two  e^jntinents,  Are  we  to  infer, 
then,  that  the  two  Americas  in  their  unions  and  dis- 
anions  have  juggled  with  the  climate  of  the  other  hem- 
isphere i  Apparently  so,  if  the  estimates  made  of  the 
in  tine  nee  of  the  Gulf  Stream  be  tenable.  It  is  a  far  cry 
from  Panama  to  Russia.  Yet  it  seems  within  the  possi- 
bilities that  tliy  meteorologist  may  learn  from  the  geolo- 
gist ot"  Centrul  America  something  that  will  enable  him 
to  explain  to  the  paleontologist  of  Euro|)e  how  It 
chanced  that  at  one  tin^e  the  mammoth  and  rhinoceros 
roamed  across  northern  Siberia,  while  at  another  time 
the  reindeer  and  nmsk-ox  broivsed  al<mg  the  shores  of 
the  Mcditermnean. 
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l\«Mbiliii«tik  I  suil«  not  probabilitieB.  Yet  even  the 
fi^int  iHiiiuiM^r  i^  a.^  alluring  a  possibility  brings  home  to 
ono  with  vivi\liMKK»  th«  truth  of  Hamboldt's  perspicaoas 
iU)ijit«rv)iti\m  th«t  mete^H\4i^v  can  be  properly  oompre- 
homUnl  imUv  whon  $tiHiiiHl  in  connection  with  the  oom- 
)mnion  jj^nomwik  There  iu\'  no  isolated  phenomena  in 
nature. 


Yet,  )\ftor  »U,  it  is  not  to  be  denied  that  the  chief 
ooneern  of  the  inetetm^hMri^t  must  be  with  that  other 
medium,  the  ''iK\>an  of  air,  on  the  shoals  of  which  we 
live,**  For  whatever  n^ay  lie  acoi^mplisheil  by  water 
currents  in  the  way  of  ivuveyiu!;  heat,  it  is  the  wind 
currents  that  otKvt  the  final  distribution  of  that  heat. 
As  Dr.  C'i\>U  has  un^nl,  the  waters  of  the  Gulf  Stream 
do  not  warui  the  shoivs  of  Kuri»jH>  by  direct  contact, 
but  by  warmins;  the  aniiirade-winds,  which  subsequent- 
ly blow  acn>ss  the  i.H>ntinenl.  And  everywhere  the 
heat  accumulatetl  by  water  lH>ot>nu»s  etTei*tual  in  modi- 
fying climate,  not  so  much  by  diret*t  radiation  as  by  dif- 
fusion through  the  nuHUuin  of  the  air. 

This  very  obvious  ini]^>rtanee  of  aerial  currents  led 
to  their  practical  study  long  bef*>re  meteorology  had 
any  title  to  the  rank  of  science,  and  Halton's  explana- 
tion of  the  trade-winds  had  laid  the  foundation  for  a 
science  of  wind  dynamics  before  our  century  began. 
But  no  substantial  furthor  advance  in  this  dinvtion  was 
effected  until  about  1827,  when  Ileinrich  AV.  Dove,  of 
Konigsberg,  afterwards  to  be  known  as  |K?rhaps  tiie  fore- 
most meteorologist  of  his  generation,  included  the  winds 
among  the  subjects  of  his  elaborate  statistical  studies  in 
climatology. 
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Dove  classified  the  winds  as  permanent,  perioflical, 
and  variable.  His  great  discovery  was  that  all  winds, 
of  whatever  character,  and  not  merely  the  [lennarient 
winds,  come  under  the  intitieneo  of  the  e^irth^s  rotation 
in  such  a  way  as  to  be  deflected  from  their  course,  and 
henoe  to  take  on  a  gyratory  nfiotion — that,  in  short,  all 


A  WHIBLWTTrD  IN  A  orSTT  ROAD 

winds  are  minor  e(hlies  in  the  great  [wlar-equatori- 
al  whirl,  and  tend  to  repnxiuoo  in  miniature  the  char- 
acter of  that  vast  maelstrom.  For  the  fir-st  i'nm\  then, 
tcm|K>mry  or  vuriublo  winds  wore  seen  to  lie  within  the 
province  of  law, 
A  generation   later,  Professor  William   Ferrel,  the 
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American  meteorologist,  ivlio  had  been  led  to  tiike  u|> 
the  subject  by  a  t»eriisal  of  Maury's  discourse  on  oceixn 
winds,  formidatetl  a  gciieitil  mathematical  k\\\\  to  the 
(-iffecL  tliat  any  Kxly  moving  in  a  right  line  alorig  tiie 
surface  of  the  earth  in  any  direction  lends  to  have  its 
coUT'so  deHectcd,  owing  to  the  earth"*s  rotation,  to  the 
rigljt  bund  in  I  lie  northern  and  lo  the  If  ft  hand  in  the 
southern  hemisplieres.  This  law  had  indeed  l>een  stjited 
as  early  as  1835  by  the  French  phystcist  Poisson,  bnt  no 
one  tlicn  thought  of  it  as  otiier  than  a  mathematicul 
curiosity  ;  its  true  sign iticance  was  only  understood  after 
Proft'ssorFcrrel  had  itidc[xmdeutly  rediscovered  it  (just  as 
Dalton  rediscovered  lladley-s  forgotten  law  of  the  trade- 
winds)  aiul  apphc'd  it  to  tho  inotinn  of  wind  currents. 

Then  it  became  clear  that  here  is  a  key  to  the  phe- 
nomena of  atmospheric  cii-culation,  from  the  great  polar- 
equatorial  maelstmm  which  manifests  it.S45lf  in  the  trade- 
winds,  to  the  most  circumscribeit  rittle  which  is  an- 
nounced as  a  local  storm.  And  the  more  the  phenom- 
ena were  jitudicil,  the  mom  striking  seemed  the  parallel 
botweoii  tlin  gi'eaLn'r  maelstrom  and  these  lesser  eddies. 
Just  as  i\m  entire  ainir^spberic  miiss  of  each  hemisphere 
h  HBen,  when  viewed  as  a  whole,  to  be  carried  in  a  great 
wdiirl  about  tho  ])olo  of  that  hemisphere*  sc*  the  local  dis- 
turbances within  this  great  tide  are  found  always  to 
take  tho  form  of  whirls  about  a  local  storm -centre — 
which  storm-centre,  meanlimo,  is  carried  along  in  tho 
major  current,  as  one  often  sees  a  Utile  whirlpool  in  the 
wftt«r  swept  along  with  the  main  current  of  the  8ti*eam. 
Sometimes^  iadin>d,  tho  local  edrly,  caught  as  it  were  in 
an  ancillary  current  of  tlic  great  polar  stream,  is  de- 
flected from  its  normal  course  and  may  seem  to  travel 
against  the  stream ;  but  such  deviations  are  departures 
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from  the  rule.     In  the  great  miijorit}'  of  casus,  for  ex- 
iirnpb,  in  the  north-temperate  35one,  a  storiivcentro  (with 


WATKRSPOUTB  Off  MID-ATLANTIO 


its  attendant  local  whirl)  travels  to  the  northeast^  along 
the  main  current  of  the  anti  ti-ade-wlnd,  of  which  it  is  a 
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part ;  and  though  exceptionally  its  oourae  may  be  to  the 
southeast  instead,  it  almost  never  departs  so  widely 
from  the  main  channel  as  to  progress  to  the  westward. 
Thus  it  is  that  storms  sweeping  over  the  United  States 
can  be  announced,  as  a  rule,  at  the  seaboard  in  advance 
of  their  coming  by  telegraphic  communication  from  the 
interior,  while  similar  storms  come  to  Europe  off  the 
ocean  unannounced.  Uence  the  more  practical  availa- 
bility of  the  forecasts  of  weather  bureaus  in  the  former 
country. 

But  these  lociil  whirls,  it  must  be  understood,  are  local 
only  in  a  very  general  sense  of  the  word,  inasmuch  as  a 
single  one  may  bo  more  than  a  thousand  miles  in  diam- 
eter, and  a  small  one  is  two  or  three  hundred  miles 
across.  Hut  (}uito  without  regard  to  the  size  of  the 
whirl,  the  air  composing  it  conducts  itself  always  in  one 
of  two  ways.  It  never  whirls  in  concentric  circles;  it 
always  oitlior  rushes  in  towards  the  centre  in  a  de- 
KiuMuling  spiral,  in  which  case  it  is  Ciilled  a  cyclone, 
or  it  Kproads  out  from  the  centre  in  a  widening  spiral, 
in  which  case  it  is  called  an  anti-cyclone.  The  word 
cyclone  is  associated  in  popular  phraseology  with  a 
terrillc  storm,  hut  it  has  no  such  restriction  in  techni- 
cal usag(\  A  giMitlo  zephyr  flowing  towards  a  "storm- 
centre  "  is  just  as  much  a  cyclone  to  the  meteorologist 
as  is  the  whirl  constituting  a  West- Indian  hurricane. 
In(h^(Ml,  it  is  not  pro|)erly  the  wind  itself  that  is  called 
the  (\velono  in  either  wise,  but  the  entire  system  of 
whirls  —  including  the  storm-centre  itself,  where  there 
may  Ik3  no  win<l  at  all. 

What,  then,  is  this  storm-centre  ?  Merely  an  area  of 
low  barometric  pressure — an  area  where  the  air  has  be- 
come lighter  than  the  air  of  surrounding  regions.  Under 
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influence  of  gravitation  the  air  seeks  its  level  jtist  as 
water  does;  so  the  heavy  air  comes  flowing  in  from  all 
sides  towards  the  lovv-[)rBSsure  area,  wliich  thu^  becomes 
a  *' storm -centre/*  But  the  inrushing  currents  never 
come  str-aight  u>  tlieir  mark.  In  ac<-(>iHlaiice  with  Fer- 
rers law,  thev  tWB  tleftecteil  to  the  rig^ht,  and  the  result, 
as  will  readily  h0seen,  must  be  a  vortex  current,  which 
whirls  always  in  one  direction — namely,  from  left  to 
rightj  or  in  tlie  directioti  opposite  to  tliat  of  the  hands 
of  a  watch  held  with  its  face  upwanh  The  velocity  of 
the  cyclonic  currents  will  depend  largely  upon  the  dif- 
ference in  baroiuetric  pressure  between  the  storm-centre 
and  the  confines  of  the  cvclone  system*  And  the  veloc- 
ity of  the  currents  will  determine  to  some  extent  the 
degree  of  dollection,  and  hence  the  exact  path  of  the 
descending  spiral  in  which  the  wind  approaches  the 
centre.  But  in  every  case  and  in  every  part  of  the 
c3*elone  system  it  (s  true,  as  Buys  Ballot's  famous  rule 
first  pointed  out,  that  a  |>€rson  standing  with  hia  back 
to  the  wind  has  the  storm-centre  at  his  left* 

The  primary  cause  of  the  h:>w  barometric  pressure 
which  marks  the  storm-centre  and  establishes  the 
eyclone  is  expansion  of  the  air  through  excess  of  tem- 
perature. The  heated  air,  rkiug  into  cold  upper  regions^ 
has  a  porti*m  uf  its  vn|>f»r  condensed  into  clouds,  and 
now  a  new  tlynamie  factor  is  added,  for  each  particle  of 
vapor,  in  condensing,  gives  up  its  niodicum  of  latent 
heat  Each  pound  of  vapor  thus  liberates,  according  to 
Professor  TyndalTs  estimate,  enough  heat  to  melt  five 
[>ou nds  of  cast  iron  ;  so  the  amount  given  out  where 
large  masses  of  cloud  are  f<»rmiiig  must  enormously  add 
to  the  convection  currents  of  the  air,  and  hence  to  tlie 
storm -developing  power  of  the  forming  cyclone.     In- 


yjk 


TUB  STORY  OF  XI NKTEEXTH  CENTURY  SCIENCE 

deed,  one  school  of  meteorologists^  of  whom  Professor 
Espy  was  the  leader,  has  held  that  without  sach  added 
increment  of  energy  constantly  augmenting  the  dynamic 
effects,  no  storm  could  long  continue  in  violent  action. 
And  it  is  doubted  whether  any  storm  could  ever  attain, 
much  less  continue,  the  terrific  force  of  that  most  dread- 
etl  of  winds  of  temperate  zones,  tlie  tornado  —  a  storm 
which  obeys  all  the  laws  of  cyclones,  but  dffers  from 
ordinary  cyclones  in  having  a  vortex  core  only  a  few 
feet  or  yards  in  diameter  —  without  the  aid  of  those 
great  masses  of  condensing  vapor  which  always  accom- 
pany it  in  the  form  of  storm-clouds. 

Tlie  anti-cyclone  simply  reverses  the  conditions  of  the 
cyclone.  Its  centime  is  an  area  of  \i\g\\  pressure,  and  the 
air  rushes  out  from  it  in  all  directions  towaitls  surround- 
ing regions  of  low  pressure.  As  before,  all  parts  of  the 
current  will  be  dettectetl  towards  the  right,  and  the  re- 
sult, clearly,  is  a  whirl  opposite  in  direction  to  that  of 
the  cyclone.  But  here  there  is  a  tendency  to  dissipa- 
tion rather  tiian  to  concentration  of  energy,  hence,  con- 
sidered as  a  storm-generator,  tlie  anti-cyclone  is  of  rela- 
tive insignificance. 

In  particular  the  professional  meteorologist  who  con- 
ducts a  "  weather  bureau'' — as,  for  example,  Sergeant 
Dunn,  of  the  United  States  signal-service  station  in  New 
York  — is  so  preoccupietl  with  the  observation  of  this 
phenomenon  that  cyclone-hunting  might  be  said  to  be 
iiis  chief  pursuit.  It  is  for  this  purpose,  in  the  main, 
that  government  weather  bureaus  or  signal-service  de- 
partments have  been  established  all  over  the  world. 
Their  chief  work  is  to  follow  up  cyclones,  with  the  aid 
of  telegraphic  reports,  mapping  their  course,  and  record- 
ing the  attendant  meteorological  conditions.     Their  so- 
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calltxi  predictions  or  forecast-s  are  esijentiully  [jredica- 
tiatis,  gaining  locally  tbe  efifecL  of  predictions  because 
the  telegraph  outstrips  the  wimL 

At  iinly  one  place  on  the  glolje  hjis  it  been  possible  fts 
yet  for  tlie  meteoroloi^ist  to  miike  hjng-linie  forecimts 
meriting  the  title  of  predictions.  This  is  in  the  middle 
Ganges  Valley  of  northern  India,  In  this  cnuntry  the 
climatic  conditions  are  largely  dependent  upon  ihti  peri- 
odical! winds  called  monsoons,  whicli  blou'  stendily  latuU 
ward  from  April  to  October,  and  seiuvard  from  (Jctober 
to  April  Tlie  summer  monsootis  bring  the  nil  ensontial 
Fains ;  if  they  are  delayed  or  restricted  in  extent*  there 
will  Imj  drought  and  consequent  famine.  And  sncli  iiv 
striction  of  tlie  monsoon  is  likely  to  result  wlien  there 
has  Ijeen  an  unusually  deep  or  very  late  snowfall  on  tlie 
llinmlayas,  because  of  the  lowering  of  spring  tem|teru- 
ttire  bj"  the  melting  snow,  Ttins  here?  it  is  [lossilih'.  by 
observing  tiie  snowfidl  in  tlie  mountfdns,  to  prfHliet  with 
some  measure  of  success  the  average  rainfall  of  the  fol- 
lowing summer.  The  drouglit  of  ISfiet,  with  tlte  rouse* 
quent  famine  and  plague  that  deviistaled  India  last  win* 
ter,  was  thus  predicted  some  months  in  advance. 

This  13  the  greatest  present  triumph  of  practical  me* 
teorology.  Nothing  like  it  is  yet  possilde  any  where  in 
temperate  Koncs.  fiut  no  one  can  suy  winit  may  not  Iw* 
pofigible  in  times  to  come^  when  the  data,  now  lieing 
^gathered  all  over  the  world  shall  nt  hint  bt>  ro-ortlinatt»d, 
'Classi(ie<h  and  made  the  basis  of  bnjad  indurtions.  Me- 
teorology  is  pre-eminently  a  science  of  the  future. 


CHATTER  VI 
THE  CENTURY'S  PROGRESS  IN  PHYSICS 


There  were  giants  abroad  in  the  world  of  science  in 
the  early  thiys  of  our  century.  Ilerschel,  Lagrange, 
and  Laphice;  (-uvier,  Rrongniart,  and  Lamarck;  Hum- 
boldt, Goetlus  l*ri(>stley — what  need  to  extend  the  list? 
— the  names  crowd  upon  us.  But  among  them  all  there 
was  no  taller  intellectual  figure  than  that  of  a  young 
Quaker  who  caine  to  settle  in  I^)ndon  and  practise  the 
profession  of  medicine  in  the  year  1801.  The  name  of 
this  young  aspirant  to  medical  honors  and  emoluments 
was  Thomas  Young.  lie  came  fresh  from  professional 
studies  at  Edinburgh  and  on  the  Continent,  and  he  had 
the  theory  of  medicine  at  his  tongue's  end;  yet  his 
medical  knowledge,  compared  with  the  mental  treasures 
of  his  capacious  intellect  as  a  whole,  was  but  as  a  drop 
of  water  in  the  ocean. 

For  it  chanced  that  this  young  Quaker  physician  was 
one  of  those  prodigies  who  come  but  few  times  in  a  cen- 
tury, and  the  full  list  of  whom  in  the  records  of  history 
could  be  tohl  on  one's  thumbs  and  lingers.  His  biogra- 
phers tell  us  things  about  him  that  read  like  the  most 
patent  fairy-tales.    As  a  mere  infant  in  arms  he  had 
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been  able  to  read  fluently.  Before  his  fourth  birthday 
came  he  had  read  the  Bible  twice  through,  as  well  as 
Watts*s  ////yii/i^— poor  child  t— aud  when  sevuii  or  eight 
lie  had  shown  a  j>ro|)ensity  to  absorb  languages  much 
as  other  chtkiren  absorb  nursery  tattle  and  Mother 
fioose  rhymes.  When  he  wds  fourteen,  a  young  lady 
visiting  the  luatseliold  of  his  tutor  patronized  tlie  pretty 
boy  by  asking  to  see  a  specimea  of  his  penuianstiip. 
The  pretty  boy  complied  readily  enough,  and  mildly  re- 
Iniked  his  interrogator  by  rapidly  writing  some  sen- 
tiences for  her  in  fourteen  languages,  including  such  us 
Araliian,  Persian,  and  Etlnopic. 

Meantime  languages  hiul  been  hut  an  incident  in  the 
education  of  tlie  hid.  lie  seems  to  have  enteretl  every 
available  field  of  thought — matliematics,  physics,  bot- 
any, literature,  music,  painting,  languages,  pidlosophy, 
archaeology,  and  so  on  to  tiresome  lengths— and  once  he 
liad  enteretl  any  fieJd  he  seldom  turned  aside  until  he 
had  reached  the  coiiHnes  of  the  subject  as  then  known, 
and  added  something  new  from  the  recesses  of  his  own 
genius.  He  was  as  versatile  as  Priestley^  as  profound 
as  Newton  himself.  He  had  the  range  of  a  mere  dilet- 
tante, but  everywhere  the  full  grasp  of  the  master.  He 
took  early  for  his  motto  the  saying  tliat  what  one  man 
has  done,  another  man  may  do.  Granting  that  the 
other  man  has  the  brain  of  a  Thomas  Young,  it  is  a  true 
motto. 

Such  then  was  the  young  Quaker  who  came  to  London 
to  follow  out  the  humdrum  life  of  a  practitioner  of  medi- 
cine in  the  year  ISOl.  But  incidentally  the  young  physi- 
cian was  prevailed  upon  to  occupy  the  interims  of  early 
practice  by  fullilhng  the  duti**s  of  the  chair  of  Naiu  ml  Ptii- 
losophy  at  the  Royal  Institution,  which  Count  Uumford 
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had  founded,  and  of  which  Davy  was  then  Professor  of 
Chemistry — the  institution  whose  glories  have  been  per* 
petuated  by  sucii  names  as  Faraday  and  Tyndaii,  and 
which  the  Briton  of  to-day  speaks  of  as  the  ''  Pantheon 
of  Science/'  Here  it  was  that  Thomas  Young  made 
those  studies  wiiich  have  Insured  him  a  niche  in  the 
temple  of  fame  not  far  removed  from  that  of  Isaac 
Newton. 

As  eiirly  as  I7i)3,  when  he  was  only  twenty,  Young 
had  begun  to  communicate  papers  to  the  Royal  Society 
of  London,  which  were  adjudged  worthy  to  be  printed 
in  full  in  the  Philosophical  Transactions;  so  it  is  not 
strange  that  he  should  have  been  asked  to  deliver  the 
Hakorian  le(;ture  iM'fore  that  learned  bcxly  the  very  first 
year  aft<;r  he  cajiie  to  I^ondon.  The  lecture  was  deliv- 
ered November  !:>,  isul.  Its  subject  wius  "The Theory 
nf  Li«;ht  and  (\»l<n*s,"  and  its  reading  marks  an  epoch  in 
pliysieal  science;  for  hen*  was  brought  forward  for  the 
(iist.  tinn»  eonvincinir  proof  of  that  undulatory  theory  of 
li^Hit  with  wiiieh  every  stnchMit  of  nio(h»rn  physics  is  fa- 
miliar the  theory  wliieh  holds  that  light  is  not  a  cor- 
poreal entity,  but  a  men*  ])ulsation  in  the  substance  of 
an  all-pervadintr  ether,  just  as  sound  is  a  pulsation  in  the 
air,  or  in  li(|uids  or  soli<ls. 

Voung  had,  indeed,  a<ivoeated  this  theory  at  an  earli- 
<T  date,  but  it  was  n<it  until  ISnl  that  he  hit  U|X)n  the 
idea  which  enabled  him  to  bring  it  to  anything  ap- 
]»roaching  a  demonstration.  It  was  while  pondering 
over  the  familiar  but  pu/./.ling  phenomena  of  colored 
rings  into  which  white  light  is  broken  when  reflected 
from  thin  lilms  -Newton's  rings,  so  called— that  an  ex- 
planation <Ku*.urn»d  to  him  which  at  once  ])ut  the  entire 
undulatory  theory  on  a  new  footing.    With  that  sagac- 
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it  J  of  insigbt  whicU  we  cali  genius,  he  saw  of  a  sudden 
tbat  tbo  phenomt'tiii  couUi  be  explained  by  supposing 
that  vvbtsn  ntjs  of  iigbt  feiU  on  a  thin  glass,  purt  of  the 
mjs  being  reflected  from  tbo  np[mv  surface,  otlier  rays, 
reflected  from  thu  lower  surface,  might  be  so  retarded 
in  their  course  through  thu  gliiss  thai  the  two  sets  would 
tiiterfere  with  oue  another,  the  forward  pulsation  of  one 
ray  corres|»ondiug  to  the  buckward  pulsation  of  another, 
thus  quita  neutralizing  tho  effect.  Some  of  the  com- 
ponent pulsations  of  the  light  being  thus  effuced  by 
mutual  interfei-eaoo,  the  remaining  rays  would  no  longer 
give  the  optical  effect  of  white  iight;  hence  the  puz- 
zling cidors. 

By  following  up  this  clew  with  mathematical  preci- 
sion, measuring  the  exact  thickness  of  the  plate  and  tlio 
space  between  the  different  rings  of  color,  Y'^oung  was 
able  to  show  mathematically  what  must  be  the  length 
of  pulsation  for  each  of  the  differimt  colors  of  the  s|>ec- 
trum*  IIo  eatimatod  that  the  undulations  of  red  ligiit, 
at  the  extreme  lower  end  of  tlie  visible  spectrum,  must 
number  about  37,fUO  to  the  inch,  and  pass  any  given 
spot  at  a  rate  of  4t»3  millions  of  millions  of  undulations 
in  a  second^  while  the  extreme  violet  numbers  5!),750 
undulations  to  the  inch,  or  735  millions  of  millions  to 
the  secontl, 

Y^oung  similarly  examined  the  colors  that  are  pro- 
duced by  scratches  on  a  smooth  surface,  in  particular 
testing  the  light  from  "Mr,  Coventry's  exqinsite  mi* 
cri>inotors,"  whicli  consist  of  lines  scratched  on  glass  at 
measured  intervals.  These  microscopic  tests  brouglit 
the  same  results  as  the  otlier  e:^jc|>eriments.  The  colors 
were  produced  at  certain  definite  and  measurable  angles, 
and  the  theory  of  interference  of  undulations  explained 
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them  perfectly,  while,  as  Young  affirmed  with  confl- 
denoe,  no  other  theory  hitherto  advanced  could  explain 
them  at  all.  Taking  all  the  evidence  together,  Young 
declared  that  he  considered  the  argument  he. had  set 
forth  in  favor  of  the  undulatory  theory  of  light  to  be 
"  sufficient  and  decisive." 

This  doctrine  of  interference  of  undulations  was  the 
absolutely  novel  part  of  Young's  theory.  The  all- 
compassing  genius  of  Robert  Hooke  had,  indeed,  very 
nearly  apprehended  it  more  than  a  century  before,  as 
Young  himself  points  out,  but  no  one  else  had  so  much 
as  vaguely  conceived  it ;  and  even  with  tlie  sagacious 
Ilooke  it  wiis  only  a  ha})py  guess,  never  distinctly  out- 
lined in  his  own  mind, and  utterly  ignored  by  all  othere. 
Y^oung  (lid  not  know  of  llooke's  guess  until  he  himself 
had  fully  formulated  the  theory,  but  he  Iiastened  then 
to  give  his  predecessor  all  the  credit  that  could  ])ossibly 
be  adjudged  his  duo  by  the  most  disinterested  observer. 
To  llooke's  contemporary,  Iluyghens,  who  was  the  orig- 
inator of  the  general  doctrine  of  undulation  as  the  ex- 
planation of  light,  Ycmng  renders  full  justice  also.  For 
himself  lie  claims  only  the  merit  of  having  demonstrated 
the  theory  which  these  and  a  few  others  of  his  prede- 
cessors had  advocated  without  full  proof. 

The  following  year  Dr.  Y'oung  detailed  before  the 
Royal  Society  other  experiments,  which  tlirew  addi- 
tional light  on  the  doctrine  of  interference;  and  in  1803 
he  cited  still  others,  which,  he  atiirmed,  brought  the 
doctrine  to  complete  demonstration.  In  ap})lying  this 
demonstration  to  the  general  theory  of  light,  he  made 
the  striking  suggestion  that  "  the  luminiferous  ether 
pervades  the  substance  of  all  material  bodies  with  little 
or  no  resistance,  as  freely,  perhaps,  as  the  wind  passes 
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through  a  grove  of  trees.'*  He  assorLed  bis  belief  also 
that  the  chemical  rays  which  Ritter  had  discovered 
beyond  the  violet  end  of  the  visible  s|)ectrum  are  but 
sliU  more  rapid  iitululutions  of  the  same  character  as 
those  which  praUice  light.  In  his  earlier  lectui-e  he 
had  affirmed  a  hke  affinity  between  the  light  rays  and 
the  rays  of  radiant  heat  which  Hei-schel  detected  Ijehiw 
the  red  end  of  the  s[)ectruriij  suggesting  that  "  light 
ditfers  from  heat  only  in  the  frecjuency  of  its  undu- 
lations or  vibrations  —  those  undulations  which  are 
witliiii  certain  limits  with  respect  to  frequency  affect- 
ing  the  optro  nerve  and  constituting  light,  and  those 
which  are  slower  and  probably  stronger  constituting 
heat  only/'  From  the  very  outset  he  luid  recognized 
the  affinity  between  sound  and  light;  indeed,  it  had 
been  this  affinity  that  led  him  on  to  an  appreciation 
of  the  undulatory  theory  of  light 

But  white  all  these  affinities  seemed  so  clear  to  the 
great  co-ordinating  brain  of  Yotnig,  tliey  made  no  such 
impression  on  tfie  minds  of  his  eontem[>oraries-  The 
immateriality  of  light  had  been  substantially  demon- 
strated, but  practically  no  one  save  its  author  accepted 
the  demonstration.  Newton's  doctrine  of  the  emission 
of  corpuscles  was  too  firmly  rooted  to  he  rejitlily  dis- 
lotlged^  and  iJr.  Young  had  too  many  other  interests  to 
continue  the  assault  uncefisingly.  lie  occasionally  wrote 
something  touching  on  his  theory^  mostly  pm^ers  con- 
trihutetl  to  tlie  Qaarterly  Review  and  similar  period- 
icals, anonymously  or  under  a  pseudonym,  for  he  had 
conceived  the  notion  that  too  great  conspicuousness  in 
fields  out^tide  of  modicino  would  injure  his  practice  as  a 
physician.  His  views  regarding  light  (including  tlie 
original  papers  from  the  PkUosiij)kktd  Trmmictmts  of 
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the  Royal  Society)  were  again  gi^en  publicity  in  fall  in 
his  celebrated  volume  on  natural  philosophy,  consisting 
in  part  of  his  lectures  before  the  Royal  Institution,  pub- 
lished in  1807;  but  even  then  they  failed  to  bring  con- 
viction to  the  philosophic  world.  Indeed^  they  did  not 
even  arouse  a  controversial  spirit,  as  his  first  papers  had 
done. 

So  it  chanced  that  when,  in  1815,  a  young  French 
military  engini^er,  named  Augustin  Jean  Fresnel,  re- 
turning from  the  Na}K)leonic  wars,  became  interested  in 
the  phenomena  of  ligiit,  and  made  some  experiments 
concerning  diffraction^  which  seemed  to  him  to  contro- 
vert the  accepted  notions  of  the  materiality  of  light,  he 
was  (juito  unaware  that  his  experiments  had  been  an- 
liripatod  by  a  philosopher  across  the  Channel.  He 
I'onnnunicattul  hisoxporinients  and  results  to  the  French 
Inslitulo,  supposing;  thorn  to  be  absolutely  novel.  That 
body  roftM-rod  tluMu  to  a  committee,  of  which,  as  good 
fortuno  would  iuive  it,  the  dominating  member  was 
Dominicjuo  Francois  Arago,  aman  as  versatile  as  Young 
himself,  and  hardly  loss  profound,  if  perhaps  not  quite  so 
original.  Arago  at  once  recognized  the  merit  of  Fres- 
nel's  work,  and  soon  became  a  convert  to  the  theory, 
lie  told  Fresnel  that  Young  had  anticipated  him  as  re- 
gards the  general  tlieorv,  but  that  much  remained  to  be 
done,  and  lie  oiferod  to  associate  himself  with  Fresnel 
in  prosecuting  the  investigation.  Fresnel  was  not  a 
little  (lashed  to  learn  that  his  original  ideas  had  been 
worked  out  by  another  while  he  was  a  lad,  but  he 
bowed  gracefully  to  the  situation,  and  went  ahead  with 
unabated  zeal. 

The  championship  of  Arago  insured  the  undulatory 
theory  a  hearing  before  the  French  Institute,  but  by  no 
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means^utiiced  to  brin^  it  bout  its  <^eneral  acceptance.  On 
tlie  contrary^  a  bitter  feud  ensued,  in  which  Ariigo  was 
opposed  by  the  '* Jupiter  (*lyinpius  of  tlie  Academy,'* 
Laplace,  by  the  only  less  fiitiioiis  Poiss*Jii,  and  by  the 
yotmjg'yr  but  liardly  less  able  1/iot.  So  bitterly  niged  tlje 
feud  that  a  life-liing  friendship  between  Arago  and  Biot 
Was  ruptured  forever.  The  opprisititm  managed  u»  delay 
the  imbhcation  of  Fresners  pa|jerB,  but  Arago  continued 
to  Hght  with  his  customary  enthusiajsni  and  pertinacity', 
and  at  hist,  in  1833,  the  Academy  yieklet!,  ami  voted 
Fresnel  into  its  ranks,  thus  implicitly  admitting  tlie 
value  of  his  work. 

It  is  a  humiliating  thoug'ht  that  such  controversies  as 
this  must  mar  the  [iitigress  of  scientiHu  truth  *  but  fort- 
unately the  story  of  the  introduction  of  the  undulatory 
theory  has  a  more  pleasant  side.  Thi-oe  men,  great  both 
in  character  and  in  intellect,  were  concerned  in  pressing 
its  claims — Young,  Fresnel  and  Arago  —  and  the  rehi- 
tions  of  those  men  form  a  picture  un marred  by  any 
of  those  petty  jealousies  that  so  often  dint  the  lustre 
of  great  names.  Fresnel  freely  acknowlcilged  Young  s 
priority  so  soimi  as  his  attention  vvas  called  to  it ;  and 
Young  applaudetl  the  work  of  the  Frenchman,  and 
aided  witli  his  counsel  in  the  application  of  the  undula* 
t<jry  theory  to  the  problems  *>f  polarization  of  light, 
which  still  domandml  explanation,  and  which  Fresnel's 
fertility  of  experimental  resource  and  profundity  of 
mathematical  insight  sullicod  in  the  end  to  conquer. 

After  Fresners  admission  to  the  Institute  in  1833  the 
opposition  weakened,  and  gradually  the  philosophers 
came  to  realize  the  merits  of  a  theory  which  Young 
had  viiinly  called  to  th^jir  attention  a  fidl  tpiarter- 
ceatury  Imfore.    Kow,  thanks  largely  to  Arago,  Ijoth 
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Yoang  and  Fresnel  received  their  foil  meed  of  apprecia- 
tion. Fresnel  was  given  the  Rumford  medal  of  the 
Koyal  Society  of  England  in  1825,  and  chosen  one  of  the 
foreign  members  of  the  Society  two  years  later,  while 
Yoang  in  turn  was  elected  one  of  the  eight  foreign 
members  of  the  French  Academy.  As  a  fitting  culmi- 
nation of  the  chapter  of  felicities  between  the  three 
friends,  it  fell  to  the  lot  of  Young,  as  Foreign  Secretary 
of  the  Royal  Society,  to  notify  Fresnel  of  the  honors 
shown  him  by  England's  representative  body  of  sci- 
entists; while  Arago,  as  Perpetual  Secretary  of  the 
French  Institute,  conveyed  to  Young  in  the  same  year 
the  notification  that  he  had  been  similarly  honored  by 
the  savants  of  France. 

A  few  months  later  Fresnel  was  dead,  and  Young 
survived  him  only  two  years.  Both  died  premature- 
ly ;  but  their  gre^t  work  was  done,  and  the  world  will 
remember  always  and  link  together  these  two  names  in 
connection  with  a  theory  which  in  its  implications  and 
importance  ranks  little  below  the  theory  of  universal 
gravitation. 

II 

The  full  importance  of  Young's  studies  of  light  might 
perhaps  have  gained  earlier  recognition  had  it  not 
chanced  that,  at  the  time  when  they  were  made,  the 
attention  of  the  philosophic  world  was  turned  with  the 
fixity  and  fascination  of  a  hypnotic  stare  upon  another 
field,  which  for  a  time  brooked  no  rival.  How  could 
the  old  familiar  phenomenon  light  interest  any  one 
when  the  new  agent  galvanism  was  in  view?  As  well 
ask  one  to  fix  attention  on  a  star  while  a  meteorite 
blazes  across  the  sky. 
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Tbe  question  of  the  hour  was  whether  in  galvsjuism 
the  world  hail  to  do  with  a  new  force,  or  whether  it  is 
iiientical  with  electricity,  masking-  under  a  new  form. 
Very  earl  3^  in  the  century  the  pro  found,  if  rather  ca^v 
tious.  Dr.  Wollaston  maiie  experiments  which  Si^jine*!  to 
show  that  tlie  tWQ,are  identical ;  and  by  18(>7  Dr,  Young 
could  write  in  liis  published  lectures:  ^' The  identity  of 
tlie  general  causes',of  electrical  and  of  galvanic  effects  is 
now  doubted  by  :  lew."  To  be  entirely  accurate,  he 
should  have  addadv**  by  few  of  the  leadens  of  scientific 
thought,"  for  the  lesser  lights  were  by  no  means  go  fully ^ 
agreed  as  the  sentence  cited  might  seem  to  imply. 

F:^ut  mean  time  an  even  more  striking  affinity  had  been 
found  fr>r  tlie  new  agent  galvanisin.  From  the  fir-st  it 
had  been  the  chemists  rather  than  the  natural  pliiloso- 
phers— the  word  physicist  was  not  then  in  vogue— who 
hml  chiefly  experimentetf  with  Volta*s  l>attery  ;  and  the 
acute  mind  of  Humphry  Davy  at  once  recogni/Axl  the 
close  relationship  between  chemical  decomjiosition  and 
the  appearance  of  the  new  "  imponderable/'  The  great 
Swedish  chemist  FSerzelius  also  had  an  inkling  of  the 
same  thing.  But  it  was  Davy  who  first  gave  the 
thought  full  expression,  in  a  Baker lan  lecture  before 
the  Koyal  Society  in  18Uf>~-the  lecture  which  gained 
him  not  only  the  plaudits  of  bis  own  countrymen,  but 
the  Napoleonic  prize  of  the  French  Aciidemy  at  a  time 
when  tlie  political  hollies  of  the  two  countries  were  in 
the  midst  of  a  sanguinary  war.  "  Science  knows  no 
country,"  mid  tlie  young  Englishman,  in  accepting  the 
French  testimonial,  against  the  wishes  of  some  of  the 
mon>  narrow-niinde<l  of  his  friends.  **  If  the  two  coun- 
tries or  governments  are  at  war,  the  men  of  science  are 
noL    That  would,  indeed,  be  a  civil  war  of  the  worst 
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description.  We  should  rather,  through  the  instru- 
mentidity  of  men  of  science,  soften  the  asperities  of 
national  hostility." 

Here  it  was  that  Davy  explicitly  stated  his  belief 
that  *'cheniiciil  and  electrical  attraction  are  produced 
by  the  same  cause,  acting  in  one  case  on  particles,  in 
the  other  on  masses,"  and  that  "the  same  property, 
under  different  miMlifications,  is  tlie  cause  of  all  the 
phenomena  cxiiibited  by  different  voltaic  combinations." 
The  phenomena  of  galvanism  were  thus  linked  with 
chemical  action  on  the  one  hand,  and  with  frictional 
electricity  on  the  other,  in  the  first  decade  of  the  cen- 
tury, showing  that  olectrioity  is  by  no  means  the  iso- 
lati^l  *'  Muid  "  that  it  had  hvou  thought.  Hut  there  the 
matter  rostt'd  for  another  decade.  Tiio  imaginative 
Davy,  whos(»  penetrative  genius  must  have  carried  him 
furtlu'r  had  it  not  been  divertoil,  became  more  and  more 
aiisorbed  in  tlie  ehomical  side  of  the  problem  ;  and 
Young,  having  severed  his  connection  with  the  Royal 
Institution,  was  <h>voting  himself  to  <levelo]>iiig  his  med- 
ical praetie<\  and  in  intervals  of  <Uity  to  deciphering 
Egyptian  lii<M'ogly])hics.  Parenthetically  it  may  be 
athled  that  Young  was  far  t<»o  much  in  advance  of  his 
time  to  mak«^  a  great  success  as  a  ]>ractitioner  (people 
<iemaml  sophistry  rather  than  philosophy  (»f  their  fam- 
ily physician),  but  that  his  success  with  the  hiero- 
glyphics was  no  less  novel  and  epoch-making  than  his 
work  in  philoso})hy. 

For  a  time  no  master-generalizer  came  to  take  the  place 
of  these  men  in  thestuily  of  the  *' imponderables ''as  such, 
and  the  phencmiena  of  electricity  occupied  an  isolate<l  cor- 
ner in  the  realm  of  science,  linked,  as  has  been  said  rather 
to  chemistry  than  to  the  field  we  now  term  ])hysics. 
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But  in  the  year  isls*  there  flashetl  before  the  pliilo- 
aoplnc  world,  like  lightning  from  a  clear  sky,  the  rejKirt 
that  Hans  Oliristtiin  Oersted,  the  Danish  phjlr»so|*hur, 
had  discovered  tlutt  tfi*>  innt^nptie  needle  iiiav  he  ilertect- 
ed  by  the  passage  near  it  of  a  current  of  electricity. 
The  experiment  was  repeated  everywhere.  Its  validity 
was  beyond  question,  its  iiiiportanci'  beyonil  estiraattt. 
Many  men  liad  vaguely  dreamed  tliat  theit;  niigfiL  Ije 
some  oonnection  between  electricity  antl  magnetism— 
chi eHy  because  each  shows  phenoineiTa  of  seeming  at- 
traction and  reputsion — but  here  waa  the  Hrat  t*x|)eri- 
mental  evidence  tiiat  any  such  connection  actually  ex- 
ists. The  wandering  eye  of  science  was  recalled  to  elec- 
tricity fis  suddenly  and  as  iri^sistibly  as  it  liatt  lifen  in 
iNiJO  b}'  the  tliscovery  of  thti  voltaic  pile.  Hut  n*nv  it 
was  the  physical  mtber  than  the  chemical  side  of  tfit* 
subject  that  chiefly  demaniled  attention. 

At  once  Andrt^  Marie  Aiujiure,  wlioin  the  Preucli  Imvc 
to  call  the  Newton  of  electricity, appreciated  tlie  far- 
reaching  importance  of  the  n*^wly  disclosed  relationship, 
and,  combining  matlieniatical  and  exj^eriinental  stuilics. 
Hhowetl  how  cli>»t^  is  tlie  link  between  elect ri city  aiid 
magnetism,  and  suggested  the  pi^ssibility  of  signalling 
at  a  distance  by  means  of  electric  wires  associatcil  with 
magnetic  nee<Uei3.  Gauas.  the  great  mathematician,  and 
Weljer,  the  physicist,  put  tliis  idea  to  a  practical  test  by 
coinmnnicating  vviili  one  another  at  a  distance  of  sev- 
end  roods*  in  G<»ttiiigen»  bmg  In^fore  ^' practical''  teleg- 
rn|iljy  grew  out  of  OersttHl's  discovery, 

A  new  impetus  thus  Iwnng  given  to  the  investigators, 
an  e|K>rb  of  electrit^al  disirnvery  natundly  followi^tL  F\>r 
a  time  in t*- rest  centred  otj  tlie  Frencli  investigators,  in 
particidar  upon  the  experiments  of  the  ever-rt^eptive 
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Arago,  who  discovered  in  1825  that  magnets  may  be 
produced  at  will  by  electrical  induction.  But  about 
1880  the  scene  shiftetl  to'I^ndon  ;  for  then  tlie  prot^g^ 
of  Davy,  and  his  suiTessor  in  the  lioyal  Institution, 
Michael  Faraday,  the  '*  man  who  added  to  the  powers 
of  his  intellect  all  the  graces  of  the  human  heart,"  began 
that  series  of  electrical  ex})eriinents  at  the  Royal  Insti- 
tution which  were  destined  to  attnict  the  dazed  atten- 
tion of  the  philosophic  world,  and  stamp  their  originator 
as  *'  the  greatest  experimental  philosopher  the  world 
has  ever  seen."  Nor  does  the  rank  of  prince  of  experi- 
menters do  Faraday  full  justice,  for  he  was  far  more 
than  a  mere  ex|>erimenter.  lie  had  not,  |>erhaps,  quite 
the  intuitive  insiirht  of  Davy,  and  he  utterly  lacked  the 
profound  mathematical  training  of  Young.  None  the 
less  Wiis  he  a  man  who  could  dream  dreams  on  occasion, 
and,  as  Maxwell  has  insisted,  think  in  mathematical 
channels  if  not  with  technical  symbols.  Only  his  wagon 
must  always  traverse  earth  thou<;h  hitched  to  a  star. 
His  dreams  guided  him  onward,  but  ever  the  hand  of 
experiment  kept  check  over  the  dreams. 

It  was  in  IS.Sl  that  Fai*aday  o])ened  up  the  field  of 
magneto-electricity.  Kevei-sing  the  experiments  of  his 
predecessors,  who  had  found  that  electric  currents  may 
generate  magnetism,  he  showed  that  magnets  have 
power  under  certain  circumstances  to  generate  electric- 
ity ;  he  proved,  indeed,  the  interctmvertibility  of  elec- 
tricity and  magnetism.  Then  he  showed  that  all  bodies 
are  more  or  less  subject  to  the  influence  of  magnetism, 
and  that  even  light  may  l)e  affected  by  magnetism  as  to 
its  phenomena  of  polarization.  He  satisfied  himself 
completely  of  the  true  identity  of  all  the  various  forms 
of  electricity,  and  of  the  convertibility  of  electricity  and 
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chemical  action.  Thus  he  linked  together  light,  chemi- 
cal affinit\%mugnetisiii,  and  electricttj*  And,  moreover^ 
he  knew  full  well  that  no  one  of  these  can  be  protluced 
in  indefinile  sujiply  from  another.  Nowhere,  he  says, 
"is  there  a  pure  creation  or  prmluetion  (»f  power  with- 
out a  corresponding  exhaustion  of  something  to  supply 

it;^ 

When  Faraday  wrote  tfiose  words  in  IS^tO  he  was 
treading  on  the  very  heels  of  a  greater  generalization 
than  any  which  he  actually  formulated  ;  nay,  he  had  it 
fairly  wilfiin  his  reach.  He  saw  a  great  truth  withuiit 
fully  realising  its  import ;  it  was  left  for  others,  ap- 
proaclung  the  same  truth  along  another  path,  to  point 
out  its  full  significance. 

Ill 

The  gi'eat  generalisation  which  Faraday  so  nari*owly 
missed  is  the  truth  Avbich  since  then  has  become  familiar 
as  the  doctrine  of  the  conservation  of  energy — the  Jaw 
that  in  transforming  energy  fnnn  one  condition  to  an- 
olljer  we  can  never  secure  more  than  an  equivalent 
quantity  ;  that,  in  shorty  "to  create  or  annihilate  ener- 
gy is  as  impossible  as  to  create  or  annihilate  matter; 
and  that  all  the  phenrtmena  of  the  material  universe 
consist  in  transformations  of  energy  alone,"  Some  phi- 
losojihers  think  this  the  greatest  generalisation  ever 
conoeived  by  the  mind  of  man.  Be  that  as  it  may,  it  is 
surely  one  of  the  great  intellectual  landmarks  of  our 
century.  It  stands  apart»  so  stupendous  and  se»  fnr- 
reaching  in  its  implications  that  tlie  generation  which 
first  saw  the  law  devplc^peti  could  tiltfe  a]>pn'ciate  it; 
only  now,  through  the  vista  <»f  half  a  century,  do  we 
begin  to  see  it  in  its  true  projiortioiis. 
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A  vast  generalization  sucb  as  this  is  never  a  mu^]i< 
room  growth,  uordues  it  usually  spring  full  grown  from 
the  mind  of  any  single  man.  Always  a  number  of 
minds  are  very  neur  a  truth  before  any  one  mind  fully 
grasps  it,  Fre-eniinenliy  true  is  this  of  the  ductrint^  of 
eonservalion  of  energy.  Not  Faraday  alono,  but  hall'  a 
dozen  d liferent  men  had  an  inkling  of  it  before  it  gained 
full  expression  ;  indeed,  every  man  vvIki  advocated  tlie 
undulutory  theory  of  light  and  beat  was  verging  to  wards 
the  goal.  The  doctrine  of  Young  and  Fresnel  was  a8  n 
highway  leading  surely  on  to  the  wide  plain  of  coiiiiei'- 
vation.  The  phenomena  of  electro- magnet  ism  fiirnisbed 
another  such  highway.  JJut  there  was  yet  anotlier  road 
wbieli  lei  I  just  as  surely  and  even  mora  re^idily  to  the 
same  goal.  This  was  the  ruad  furni sited  by  ihe  ph<^ 
noinena  of  heat,  and  the  men  who  travel leiJ  it  wei'e  des- 
tineil  to  outstrip  their  fellow-workers ;  though,  as  we 
have  seen,  wayfarei's  on  other  roa^ls  were  within  bailing 
ill  stance  when  the  leaders  passeil  the  mark. 

In  order  to  do  even  appru.xiu)ate  justice  to  the  men 
who  entei"eti  into  the  great  achievement,  we  must  recall 
thill  just  at  the  close  of  the  Irisf.  century  Count  Rumfonl 
and  Humphry  Davy  indej>endently  slHKvttd  that  laWr 
may  l)e  transformeil  into  be^it ;  and  correctly  interpreted 
tbi^  fact  as  meaning  the  transformation  of  molar  into 
molecular  motion.  We  can  hanlly  doubt  thrit  each  of 
these  men  of  genius  real iu(*il,  vaguely,  at  any  rate,  that 
there  must  l)e  a  close  correspondence  between  t  bi« 
amount  of  the  molar  and  the  molernlar  motions;  hence 
that  each  of  them  was  in  sij^^ht  of  tfie  l:iw  of  the  me- 
chanical efpiivalent  of  h»'at.  But  neithtTnf  them  quite 
graspeil  or  explicitly  stat*^d  what  enrb  must  vaguely 
hive  SI  >i»n ;  and  for  just  a  quarter  t^f  a  century  no  one 

no 


h^^^H 

1 

THK  CENTURV^S    PliUGKE.S8   IN    I'IIVSIl'S 

else  even  came  abrea&l  their  line  uf  thouglitj  let  alone 
passing  it. 

But  then,  in  1824,  a  French  philosopher,  Batli  Carnot, 
Ci'iUght  step  with  the  great  Englishmen,  anil  look  a  long 
leiip  ahead  by  explicitly  stilting  his  belief  that  a  definite 
4Uiintity  of  work  could  be  transformed  into  a  definite 
miantity  of  heat,  no  more,  no  less.  Carnot  did  not,  in- 
deed, reach  the  clear  view  of  his  predecessors  as  to  the 
nature  of  heat,  for  he  still  thought  it  a  forra  of  "  impon^ 
derable''  fluid ;  but  he  reasoned  none  the  less  clearly  as 
to  its  mutual  convertibility  with  mechanical  work.  But 
important  as  his  conclusions  seem  now  that  wu  look 
back  upon  them  with  clearer  vision,  they  made  no  im- 
pression whatever  upon  his  cont(?ini>oraries.  Carnot's 
work  m  this  line  was  an  isolated  phenomenon  of  iiistori- 
cal  interest,  but  it  did  not  enter  into  the  scheme  of  the 
completed  narrative  iniany  such  way  as  did  the  work  of 
Uimford  and  Davy. 

The  man  who  really  took  up  the  broken  thread  w  here 
Kumford  and  Davy  had  dropped  it,  and  wove  it  into  a 
coniplet^jti  texture,  came  ufion  tlie  scene  in  1S4(>,  His 
honie  was  in  Manchester,  England ;  his  o<*cupation  thiit 
of  a  manufacturer.  He  was  a  friend  and  pupil  of  the 
great  Dr.  Dnlton,  I  lis  name  was  James  Prescott  Joulo, 
When  posterity  has  done  its  Hnal  jugt;:ling  wnth  the 
names  of  our  century,  it  is  not  unlikely  that  the  name  of 
this  Mjinchestor  jdiilosoplior  will  be  a  household  word 
like  tite  names  of  Aristotle,  Copernicus,  arul  Newton, 

For  Joule's  work  it  was,  done  in  the  Hftli  decade  of  our 

mtury,  which  detnonstnited  b<\yond  all  cavil  that  there 
is  a  precise  and  absolute  equivalence  between  meehani* 
cnl  work  and  heat ;  that  whatever  the  form  of  mani- 
festation of  molar  motion,  it  can  generate  a  definite  and 
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measorable  amoaot  of  heat,  and  no  more.  Joule  foond, 
for  example^  that  at  the  aea-lerd  in  Manchester  a  pound 
weight  failing  through  seven  hundred  and  seventj-two 
feet  ooold  generate  enough  heat  to  raise  the  temperatare 
of  a  pound  of  water  one  degree  Fahrenheit.  There  was 
nothing  haphazard,  nothing  aoeidenul,  about  this ;  it 
bore  the  stamp  of  uoaltenible  law.  And  Joule  himself 
saw,  what  others  in  time  were  made  to  see,  that  this 
truth  is  merely  a  particular  case  within  a  more  general 
law.  If  heat  cannot  be  in  any  sense  created,  but  only 
made  manifest  as  a  transformation  of  another  kind  of 
motion,  then  must  not  the  same  thing  be  true  of  all 
ilumti  other  forms  of  ** force" — light,  electricity,  magnet- 
iKtri— which  had  l>een  sliown  to  be  so  cl<»sely  associated, 
tn)  mutually  convertible,  with  heat  i  All  analogy  seemed 
ttt  urge  the  truth  of  this  inference ;  all  exjxiriment  tend- 
o<l  to  confirm  it.  The  law  of  the  mechanical  equivalent 
of  hoiit  then  became  the  main  corner-stone  of  the  greater 
law  of  the  conservation  of  energy. 

Hut  while  this  citation  is  fresh  in  mind,  we  must  turn 
our  attention  with  all  haste  to  a  country  across  the 
('hannel— to  Denmark,  in  short— and  learn  that  even  as 
Joule  exiwrimentcd  with  the  transformation  of  heat,  a 
philosopher  of  Copenhagen,  Colding  by  name,  had  hit 
upon  the  same  idea,  and  carried  it  far  towards  a  demon- 
Ktration.  And  then,  without  pausing,  we  must  shift  yet 
again,  this  time  to  Germany,  and  consider  the  work  of 
three  other  men,  who  independently  were  on  the  track 
of  the  same  truth,  and  two  of  whom,  it  must  be  admit- 
ted, nwiched  it  earlier  than  either  Joule  or  Colding, 
if  neither  brought  it  to  quite  so  clear  a  demonstra- 
tion. The  names  of  these  three  Germans  are  Mohr, 
Mayer,  and    Ilelmholtz.    Their  share   in  establishing 
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Ibe  great  doctrine  of  conBervatiun  must  now  claim  our 
attention. 

As  to  Karl  Fnedrich  Mohr,  it  may  be  said  that  liis 
stateinent  of  the  doctrine  preceded  tliut  (jf  any  of  his 
feliowSj  jet  that  otherwise  it  was  perliaps  least  im^xir- 
tant.  In  18S7  this  thoughtful  German  had  grasjied  the 
main  truth,  and  given  it  expression  in  an  article  pub- 
liglied  in  the  ZeU^cknftfur  l^hymk,  etc.  But  the  article 
attracted  no  attention  whatever,  even  from  Mohr's  own 
countrymen.  Still,  Mohr's  title  to  rank  as  one  who 
independently  cunceived  the  great  truth,  and  [wrhaps 
lirst  conceived  it  before  any  other  miin  in  the  world 
saw  it  as  clearly,  even  tboagh  he  did  not  demonstrate 
its  validity,  is  not  to  be  disputed. 

It  was  just  Hve  years  later,  in  1842,  that  Dr.  Julius 
Robert  Mayer,  practising  physician  in  the  little  German 
town  of  HeiLbronn,  published  a  pajier  in  Liebig's  Anuidefi 
00  **Tbe  Forces  of  Inorganic  Nature,"  in  which  not 
merely  the  mechanical  theory  of  beat»  but  the  entire 
doctrine  of  the  conservation  of  energy,  is  ex]>licitly  if 
briefly  stated.  Two  years  earlier  Dr,  Mayer,  while 
surgeon  to  a  Dutch  India  vessel  cruising  in  the  tropifs^ 
had  observed  that  the  venous  bh>od  of  a  patient  seemed 
rndtler  than  venous  blood  usually  is  observed  to  \m  in 
t^njperate  climates.  He  pondered  over  tliia  seemingly 
indgniHcant  fact,  and  at  last  reached  the  cnnclnsion 
that  the  cause  must  be  the  lessi^r  amount  of  oxidation 
ref|uin3d  to  Keep  up  the  body  temperature  in  the  tropics. 
Led  by  this  reflection  to  consider  the  body  as  a  machine 
de{>endent  on  outside  forces  for  its  capacity  to  act,  he 
passed  on  into  a  novel  r*^nbn  of  thuught,  which  brought 
him  at  last  tn  independent  discovery  of  the  mechanical 
theory  of  heat,  and  to  the  first  full  and  comprehensive 
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appreoiation  of  the  great  law  of  oonservation.  Blood- 
letting, the  modern  physician  holds,  was  a  practioe  of 
very  doubtful  benefit,  as  a  rule,  to  the  subject ;  but  once, 
at  least,  it  led  to  marvellous  results.  No  straw  is  so  small 
that  it  may  not  point  the  receptive  mind  of  genius  to 
new  and  wonderful  truths. 

Here,  then,  was  this  obscure  German  pliysician,  lead- 
ing the  humdrum  life  of  a  village  practitioner,  yet  seeing 
such  visions  as  no  human  being  in  the  world  had  ever 
seen  before. 

The  great  principle  he  had  discovered  became  the 
dominating  thought  of  his  life,  and  filled  all  his  leisure 
hours.  He  applied  it  far  and  wide,  amidst  all  the  phe- 
nomena of  the  inorganic  and  organic  worlds.  It  taught 
him  that  both  vegetables  and  animals  are  machines, 
bound  by  the  same  laws  that  hold  sway  over  inorgan- 
ic matter,  transforming  energy,  but  creating  nothing. 
Then  his  mind  reached  out  into  space  and  met  a  universe 
made  up  of  questions.  Each  star  that  blinked  down  at 
him  as  he  rode  in  answer  to  a  night  call  seemed  an  inter- 
rogation-point asking,  How  do  I  exist?  Why  have  I 
not  lontj  since  burned  out  if  vour  theory  of  conservation 
be  true  ?  No  one  hitherto  had  even  tried  to  answer  that 
question;  few  had  so  much  as  realized  that  it  demanded 
an  answer.  But  the  Ileilbronn  physician  understood 
the  question  and  found  an  answer.  His  meteoric  hy- 
pothesis, published  in  1848,  gave  for  the  first  time  a 
tenable  explanation  of  the  persistent  light  and  heat  of 
our  sun  and  the  myriad  other  suns — an  explanation  to 
which  we  shall  recur  in  another  connection. 

All  this  time  our  isolated  philosopher,  his  brain  aflame 
with  the  glow  of  creative  thought,  was  quite  unaware 
that  any  one  else  in  the  world  was  working  along  the 
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same  Hoes*  And  tbe  outsitle  world  was  equally  heedless 
of  the  work  of  the  Heilbronn  ph^'siuian.  There  was  oo 
friend  to  inspire  enthusiasm  and  give  courage,  no  kindred 
sptrit  to  react  on  this  masterful  but  lonely  mind.  And 
this  is  the  tiiore  remarkable  beciuse  tliere  are  few  other 
cases  where  a  master -originator  in  science  has  come 
upon  the  scene  except  as  the  pupil  or  friend  of  some 
other  master-ori^'inator.  Of  tha  men  we  have  noticed 
in  the  present  connection,  Young  was  the  friend  and 
eonfrt^re  of  Davy  ;  Davy,  the  |>rutuge  of  Rumfoitl ;  Far- 
raday,  the  pupil  of  Davy  ;  Fresuel,  the  co-worker  with 
Arago;  Coldintj,  the  confi\;re  of  Oersted;  Joule,  the 
pupil  of  Dalton.  But  Mayer  is  an  isolated  phenomenon 
-*oneof  the  lone  mountain-peak  intelh.'cts  of  the  century. 
That  estimate  may  be  exaggenited  vvljicli  ban  called  him 
the  Galileo  of  the  nineteenth  century,  but  surely  no  luke- 
warm praise  ciin  do  him  justice. 

Vet  for  a  long  tinte  hk  work  attracted  no  attention 
whatever.  In  18-1:7,  when  another  Gorman  physician* 
Hermann  von  Ilehnlioltz,  one  of  the  most  massive  and 
towering  intellects  of  any  age,  had  been  independently 
led  to  comprehension  of  tlje  doctrine  of  conservation  of 
energy,  and  published  his  treatise  on  the  subject,  he  had 
hardly  heard  of  his  countryman  Mayer.  When  he  did 
hear  of  him,  however,  he  hastened  to  renounce  all  ekiim 
to  the  doctrine  of  conservation,  though  the  world  at 
large  give**  him  credit  of  independent  even  though  suli- 
soquent  discovery* 

Meantime  in  England  Joule  was  going  on  from  one 
experimental  demonstrution  to  another,  oblivious  of  his 
German  competitors  and  almost  as  little  noticed  by  his 
own  country  men.  lie  rea<l  his  first  [laper  before  the 
chemical  section   of   tlie   British    Association    for  the 
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Advancement  of  Science  in  1843,  and  no  one  heeded  it 
in  the  least.  Two  years  later  he  wished  to  read  another 
paper,  but  the  chairman  hinted  that  time  was  limited, 
and  asked  him  to  confine  himself  to  a  brief  verbal  synop- 
sis of  the  results  of  his  experiments.  Had  the  chair- 
man but  known  it,  he  was  curtailing  a  paper  vastly  more 
important  than  all  the  other  papers  of  the  meeting  pot 
together.  However,  the  synopsis  was  given,  and  one 
man  was  there  to  hear  it  who  had  the  genius  to  appre- 
ciate its  importance.  This  was  William  Thomson,  the 
present  Lord  Kelvin,  now  known  to  all  the  world  as 
among  the  greatest  of  natural  philosophers,  but  then 
only  a  novitiate  in  science.  lie  came  to  Joule's  aid, 
started  rolling  the  ball  of  controversy,  and  subsequently 
associated  himself  with  the  Manchester  experimenter  in 
pursuing  his  investigations. 

Hut  meantime  the  acknowledged  leaders  of  British 
science  viewed  the  new  doctrine  askance.  Faraday, 
Brewster,  Ilerschel— those  were  the  great  names  in 
physics  at  that  day,  and  no  one  of  them  could  quite 
accept  the  new  views  regarding  energy.  For  several 
years  no  older  physicist,  speaking  with  recognized 
authority,  came  forwanl  in  support  of  the  doctrine  of 
conservation.  This  culminating:  thought  of  our  first 
half-century  came  silently  into  the  world,  unheralded 
and  unopposed.  The  fifth  decade  of  the  century  had 
seen  it  elaborated  and  substantiall}'^  demonstrated  in  at 
least  three  different  countries,  yet  even  the  leadera  of 
thought  did  not  so  much  as  know  of  its  existence.  In 
1853  Whewell,  the  historian  of  the  inductive  sciences,  pub- 
lished a  second  edition  of  his  history,  and,  as  Huxley  has 
pointed  out,  he  did  not  so  much  as  refer  to  the  revolution- 
izing thought  which  even  then  was  a  full  decade  old. 
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By  this  time,  however,  the  battle  was  brewing.  The 
rising  generation  saw  the  iraportanee  of  a  law  which 
their  elders^  could  not  appreciate,  and  soon  it  was  noised 
abroad  thiXt  fhore  were  more  than  one  chiimant  to  tlie 
honor  of  discoverv.  Chieftj  tlirough  tho  efforts  of  Fro- 
feasor  Tyntlall^  the  work  of  Mayer  became  known  to  the 
British  public,  and  a  most  regrettable  controversy  ensued 
between  the  jmrtisans  of  Mayer  aiid  those  of  Joule — a 
bitter  controversy,  in  wiiich  Davy's  contention  that 
science  knows  no  country  was  not  always  regarded,  and 
which  left  its  scars  upon  the  hearts  and  minds  of  the 
great  men  whose  personal  interests  were  involved. 

And  so  to  this  day  the  question  who  is  the  chief  dis- 
covei"er  of  the  law  of  conservation  of  energy  is  not  sus- 
ceptible of  a  (!ategorical  answer  that  wouki  satisfy  all 
philosophers.  It  is  genendly  held  tfiat  the  fli*st  choioa 
lies  between  Joule  and  Mayer  Professor  Tyndall  has 
expressed  tho  lielief  that  in  future  each  of  these  men 
will  be  equally  remembered  in  connection  with  this 
work.  Hut  history  gives  us  no  warrant  for  such  a  hope. 
Posterity  in  the  long  run  demands  always  that  its  henies 
shall  stand  alone.  Who  remembers  now  that  Robert 
Ilooke  c<>n tested  with  Newton  the  discovery  of  the  doc- 
trine  of  univei^al  gravitation?  The  judgment  of  pos- 
terity  la  unjust^  but  it  is  iriexuiiilile.  And  S(»  we  can 
little  doubt  that  a  century  from  now  one  name  will  be 
fnentioned  as  tliat  of  the  originator  of  the  great  doctrine 
I  d  conservation  o  f  enc^rgy .  Them  an  \^'  1 1  ose  na  me  is  tb  us 
reinembereil  will  perha[>s  be  s|}oken  of  as  the  Galileo, 
tlie  Newt^Hi,  of  tho  nineteenth  century;  but  whether 
the  nil  me  thus  ilignilied  by  the  final  venlict  of  history 
will  he  that  of  tedding*  Mohr,  Mayer*  Hebnholtz,  or 
Joule,  it  is  not  for  our  century  to  deciile, 
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IV 

The  gradual  permeation  of  the  field  by  the  great 
doctrine  of  conservation  simply  repeated  the  history 
of  the  introduction  of  every  novel  and  revolutionary 
thought.  Necessarily  the  elder  generation,  to  whom 
all  forms  of  energy  were  imponderable  fluids,  must  pass 
away  before  the  new  conception  could  claim  the  field. 
Even  the  word  energy,  though  Young  had  introduced 
it  in  1807,  did  not  come  into  general  use  till  some  time 
after  the  middle  of  the  century.  To  the  generality  of 
philosophers  (the  word  physicist  was  even  less  in  favor 
at  this  time)  the  various  forms  of  energy  were  still 
subtle  fluids,  and  never  was  idea  relinquilShed  with 
greater  unwillingness  than  this.  The  ex])eriments  of 
Young  and  Fresnel  had  convinced  a  large  number  of 
philosophers  that  light  is  a  vibration  and  not  a  sub- 
stance; hut  so  great  an  authority  as  Biot  clung  to  the 
old  (Muission  idea  to  the  end  of  his  life,  in  1802,  and  held 
a  following. 

Meantime,  however,  the  company  of  brilliant  young 
men  who  had  just  served  their  apprenticeship  when  the 
doctrine  of  conservation  came  u|)on  the  scene  had  grown 
into  authoritative  ])osilions,  and  were  battling  actively 
for  the  new  i<lejis.  (yonfirniatory  evidence  that  energy 
is  a  nioIe(MiIar  motion  and  not  an  *' imponderable"  form 
of  nuitler  n(MMnnulat<Ml  day  by  day.  The  experiments  of 
two  Krenehmen,  llip|K)lvte  L.  Fizefiu  and  Leon  Foucault, 
served  finally  t<»  convince  the  bust  lingering  sceptics  that 
li<;ht  is  an  undulation ;  and  by  implication  brought  heat 
into  the  same  category,  since  James  David  Forbes,  the 
S(^ot.('h  physicist,  had  shown  in  1837  that  radiant  heat 
conforms  to  the  same  laws  of  polarization  and  double 
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refraction  that  govern  light.  But^  for  that  matter,  the 
experiments  that  had  establisheil  the  meebauieal  equiva- 
lent  of  lieiit  hanlly  left  room  for  *lonbt  as  to  the  iiiinia- 
teriality  of  tliis  *' imponderable/'  iJoiibters  had,  indeed* 
expressed  scepticism  as  to  the  validity  of  Joule^s  exper- 
iments^ but  the  furtlier  research**!*,  experimental  and 
mathematical,  of  such  workers  as  Tljomscm  (^Lord  Kel- 
vin),  Rankine,  and  Tyndall  in  Great  Britain,  of  Ileliii' 
holtz  and  Clansius  in  Germany,  and  of  Regnault  in 
Fry  nee,  dealing  with  various  nianifeslxitions  of  heat, 
placed  the  evidence  beyond  the  reach  of  criticism. 

Out  of  th^e  studies,  just  at  the  middle  of  the  cen- 
tnry,  to  which  the  experiments  of  Mayer  and  Joule  had 
led,  grew  the  new  science  of  thernto-dynamics.  Out  of 
them  iUko  grow  in  the  mind  of  one  of  the  investigators 
a  new  generalization,  only  second  in  imix»rtance  to  the 
dfictrinB  of  C(*nservation  itself.  Professor  William 
Thomson  (Lord  Kelvin)  in  his  studies  in  thermo-dynam- 
ics  waa  early  itnpressed  with  the  fact  that  whereas  all 
the  molar  moticni  developed  through  labjr  or  gravity 
could  be  converteil  into  heat,  tlie  process  is  not  fully  re- 
versible. Heat  can,  indeed,  \)&  converted  into  mrilar 
motion  or  Wf>rk,  but  in  the  process  a  certain  amount  of 
the  heiit  is  nuliated  into  space  and  lost.  The  samo 
thing  happens  whenever  any  other  form  of  energy  is 
convertal  hUn  rmdar  motion.  Indeed,  every  tmnamuta- 
tii>ri  of  ener«^y,  of  whatever  diameter,  seems  n*»Tnpli' 
catcti  by  a  tendency  to  dcvidop  heat,  part  of  which  is 
lost.  This  observation  letl  Professor  Thomson  to  his 
<li>ctrin«^  of  the  dissipation  of  energy,  which  he  formu- 
hilfnl  bi>fore  the  Royal  Smriety  t»f  Edinburgh  in  1S5:2, 
and  puhlishetl  also  in  the  Pfiih*mphli'nl  Maffit^in^  the 
same  year,  the  title  borne  being,  "On  a  Univei'Sid  Ten- 
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denoy  in  Nature  to  the  Dissipation  of  Meohanioal  En- 
ergy." 

From  the  principle  here  expressed  Professor  Thomson 
drew  the  startling  conclusion  that,  "  since  any  restora- 
tion of  this  mechanical  energy  without  more  than  an 
equivalent  dissipation  is  impossible,"  the  universe,  as 
known  to  us,  must  be  in  the  condition  of  a  machine 
gradually  running  down ;  and  in  particular  that  the 
world  we  live  on  has  been  within  a  finite  time  unfit  for 
human  habitation,  and  must  again  become  so  within  a 
finite  futui'e.  This  thought  seems  such  a  commonplace 
to-day  that  it  is  difficult  to  realize  how  startling  it  ap- 
peared half  a  century  ago.  A  generation  trained,  as 
ours  hixs  boon,  in  tho  doctrines  of  conservation  and  dis- 
sipation of  enorgy  as  the  very  alphabet  of  physical  sci- 
ence can  l)ut  ill  appreciate  the  mental  attitude  of  a  gen- 
eration which  for  the  most  part  had  not  even  thought  it 
problematical  whether  tho  sun  could  continue  to  give 
out  heat  and  light  forever.  But  those  advance  thinkers 
who  had  gras|KMl  tho  import  of  the  doctrine  of  conser- 
vation could  at  onco  approciate  the  force  of  Thomson's 
doctrine  of  dissipation,  and  realize  the  complementary 
character  of  the  two  conceptions. 

Here  and  there  a  thinker  like  Rankine  did,  indeed,  at- 
tempt to  fancy  conditions  under  wiiich  the  energy  lost 
through  dissipation  might  be  restored  to  availability, 
but  no  such  effort  has  met  with  success,  and  in  time 
Professor  Thomson's  generalization  and  his  conclusions 
as  to  the  consequences  of  the  1j\w  involved  came  to  be 
universally  accepted. 

The  introduction  of  the  new  views  regarding  the  nat- 
ure of  energy  followeil,  as  I  have  said,  the  course  of 
every  other  growth  of  new  ideas.    Young  and  imagina- 
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en  could  accept  the  new  point  of  view  ;  older  plii- 
erSj  their  miuils  channelled  by  preconcepiionSj 
i^ui^i  not  get  into  the  new  gruove*  80  strikingly  true 
I  is  this  in  llit;  particuhir  case  now  before  ns  ttiat  it  is 
^1  worth  while  to  note  the  ngm  at  the  time  of  the  revolu^ 
^  tionury  eX|H!rtinetiLs  of  the  men  whose  wm-k  has  been 
mentioned  as  entering  intu  the  scheme  of  evolution  of 
the  idea  tliat  energy  is  merely  u  niHtufestution  of  matter 
in  motion.  Such  a  list  will  tell  the  atory  better  than  a 
voiiirjie  of  commentary. 

Observe,  tlien,  tlnit  Davy  made  his  e[Kichal  experi- 
ment of  melting  ice  by  friction  when  be  was  a  youth  of 
twenty.  Young  was  no  older  when  be  miule  liis  first 
communication  to  the  Royal  Society »  and  was  in  his 
twenty -seventh  year  when  he  first  actively  esjMuaed  the 
undidatory  theory,  Fresnel  was  twent\^*six  when  he 
made  li is  first  important  discoveries  in  the  same  field; 
and  Arago,  who  at  unce  became  Ids  chumjvion,  was  then 
but  two  years  hrs  senior^  though  for  a  decade  he  liad 
been  so  famous  that  one  invuhin tardy  thinks  of  bim  as 
behmging  to  an  elder  generation, 

Furbes  was  under  thirty  when  he  discovered  the  po- 
larizatioti  of  heat*  which  |>niritpd  the  way  to  Mohr,  then 
thirty -one,  to  the  meelnmical  e(|uivalent*  Joule  w*as 
twenty-two  in  184(L  when  his  great  work  was  begun; 
and  Mayer,  whose  discoveries  date  from  the  same  year, 
was  then  twentv-six,  vvhi**li  was  also  the  nxr"^  of  Helm- 
bolt^  when  he  publislieii  his  independent  discovery  of 
the  same  h\\\  William  Thomson  was  a  youth  just  past 
Ids  infijority  wdien  he  came  to  the  aid  of  ,Toule  before 
the  liriti^li  Society,  and  but  seven  }eai*s  oUler  when  ho 
form  u  In  ted  his  own  doctrine  of  dissipation  of  energy. 
And  Clausius  and  Kankine,  who  are  usually  mentioned 
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with  Thomson  as  the  great  developers  of  tbermo-dynam- 
ics,  were  both  far  advanced  with  their  novel  studies 
before  they  were  thirty.  We  may  well  agree  with  the 
father  of  inductive  science  that  '*  the  man  who  is  young 
in  years  may  be  old  in  hours." 

Yet  we  must  not  forget  that  the  shield  has  a  reverse 
side.  For  was  not  the  greatest  of  observing  astrono- 
mers, llerschel,  past  thirty-Eve  before  he  ever  saw  a 
telesco[>e,  and  past  fifty  before  he  discovered  the  heat 
rays  of  the  spectrum  ?  And  had  not  Faraday  reached 
middle  life  before  he  turned  his  attention  especially  to 
electricity  ?  Clearly,  then,  to  make  his  phrase  complete, 
Bacon  must  have  added  that  '^  the  man  who  is  old  in 
years  may  be  young  in  imagination."  Here,  however, 
even  more  appropriate  than  in  the  other  case — ^more's 
the  pity — would  have  been  tlie  application  of  his  quali- 
fying clause :  "  but  that  happeneth  rarely." 


There  are  only  a  few  great  generalizations  as  yet 
thought  out  in  any  single  field  of  science.  ^Naturally, 
then,  after  a  great  generalization  has  found  definitive 
expression,  there  is  a  period  of  lull  before  another  for- 
ward move.  In  the  case  of  the  doctrines  of  energy,  the 
lull  has  lasted  half  a  century.  Throughout  this  period, 
it  is  true,  a  multitude  of  workers  have  been  delving  in 
the  field,  and  to  the  casual  observer  it  might  seem  as  if 
their  activity  had  been  boundless,  while  the  practical 
applications  of  their  ideas— as  exemplified,  for  example, 
in  the  telephone,  phonograph,  electric  light,  and  so  on — 
have  been  little  less  than  revolutionary.  Yet  the  most 
competent  of  living  authorities,  Lord  Kelvin,  could  as- 
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sert  in  1895  that  in  fifty  years  he  had  learned  nothing 
new  regarding  the  nature  of  energy. 

TJiis,  however,  must  not  be  interpreted  as  meaning 
tliat  the  workl  has  stood  atlH  tturing  thest*  two  genera- 
tions. It  means  mther  that  tlie  nink  and  file  have  been 
moving  forwaril  along  the  roail  the  leaders  liad  ah-eady 
travelleil.  Only  a  few  men  in  the  wuild  hud  the  range 
of  thought  regarding  the  new  doctrine  of  energy  that 
Lord  Kelvin  had  at  the  middle  of  the  century.  The 
few  leaders  tlien  saw  clearly  enough  that  if  one  form  of 
energy  is  in  reality  merel}'  an  undulation  or  vibnition 
among  the  particles  of  *'  [)onderable"  matter  or  of  ether» 
ail  other  nianifestutions  of  enemy  must  he  of  the  same 
nature.  But  the  rank  and  lile  were  not  even  within 
sight  of  tids  truth  for  a  long  time  after  they  iiad  partly 
grasped  the  meaning  of  the  doctrine  of  conservation. 
When,  late  in  the  fifties,  that  marvellous  young  Scotch- 
nmn,  James  Clerk  Maxwell,  formulating  in  otlier  wonls 
an  idea  of  Fanulay's,  expressed  his  belief  that  eleotrtci- 
tyand  magnetism  are  but  manifestations  of  various  con- 
ditions of  stress  ami  motion  in  the  ethereal  medium 
(electricity  a  displacement  of  strain,  magnetism  a  whirl 
in  the  ether),  the  idea  met  with  no  immediate  jiopulari- 
ty.  And  even  loss  curdial  was  the  reception  given  the 
same  tliinkers  theory,  put  forward  in  1Hl»;^s  that  the 
ethereal  undulations  producing  the  phenomenon  we  call 
light  differ  iti  no  respect  except  in  their  wavelength 
from  the  pulsations  of  electro  magnetism. 

At  about  the  same  time  llelmholtz  formulated  a 
somewhat  similar  electro  inagnLUic  theory  of  tight;  but 
even  I  ho  weight  of  this  combined  authority  could  not 
give  tlie  doctrine  vogue  until  very  recently,  when  the 
experiments  of  Heinrich  llertx,  the  pupil  of  llelmholtz^ 
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have  shown  that  a  condition  of  eleotrioal  strain  may  be 
developed  into  a  wave  system  by  recurrent  interruptions 
of  the  electric  state  in  the  generator,  and  that  such 
waves  travel  through  the  ether  with  the  rapidity  of 
light.  Since  then  the  electro-magnetic  theory  of  light 
has  been  enthusiastically  referred  to  as  the  greatest  gen- 
eralization of  the  century ;  but  the  sober  thinker  must 
see  that  it  is  really  only  what  Hertz  himself  called  it— 
one  pier  beneath  the  great  arch  of  conservation.  It  is 
an  interesting  detail  of  the  architecture,  but  the  part 
cannot  equal  the  size  of  the  whole. 

More  than  that,  this  particular  pier  is  as  yet  by  no 
means  a  very  firm  one.  It  has,  indeed,  been  demon- 
strated that  waves  of  electro-magnetism  pass  through 
space  with  the  speed  of  light,  but  as  yet  no  one  has  de- 
veloped electric  waves  even  remotely  approximating  the 
shortness  of  the  visual  rays.  Tiie  most  that  can  posi- 
tively be  asserted,  therefore,  is  that  all  the  known  forms 
of  radiant  energy  —  heat,  light,  electro  -  magnetism — 
travel  through  space  at  the  same  rate  of  speed,  and  con- 
sist of  traverse  vibrations — "lateral  quivers,"  as  Fresnel 
said  of  light — known  to  differ  in  length,  and  not  posi- 
tively known  to  differ  otherwise.  It  has,  indeed,  been 
suggested  that  the  newest  form  of  radiant  energy,  the 
famous  X  ray  of  Professor  Tlr>ntgen's  discovery,  is  a 
longitudinal  vibration,  but  tliis  ir,  a  mere  surmise.  Be 
that  as  it  may,  there  is  no  one  now  to  question  that  all 
forms  of  radiant  energy,  whatever  their  exact  affinities, 
consist  essentially  of  undulatory  motions  of  one  uniform 
medium. 

A  full  century  of  experiment,  calculation,  and  con- 
troversy has  thus  sufficed  to  correlate  the  "  impondera- 
ble fluids"  of  our  forebears,  and  reduce  them  all  to  man- 

828 


THE  CENTURY'S  PROGRESS   IN   PUYSICS 

ifestations  of  motion  among  particles  of  matter.  At 
first  glimpse  that  seems  an  enormous  change  of  view. 
And  yet,  when  closely  considered,  that  change  in 
thought  is  not  so  radical  as  the  change  in  phrase  might 
seem  to  imply.  For  the  nineteenth-century  physicist,  in 
displacing  the  "imponderable  fluids"  of  many  kinds — 
one  each  for  light,  heat,  electricity,  magnetism — has 
been  obliged  to  substitute  for  them  one  all-pervading 
fluid,  whose  various  quivers,  waves,  ripples,  whirls,  or 
strains  produce  the  manifestations  which  in  popular 
parlance  are  termed  forms  of  force.  This  all-pervading 
fluid  the  physicist  terras  the  ether,  and  he  thinks  of  it 
as  having  no  weight.  In  effect,  then,  the  physicist  has 
dispossessed  the  many  imponderables  in  favor  of  a  single 
imponderable — though  the  word  imponderable  has  been 
banished  from  his  vocabulary.  In  this  view  the  ether — 
which,  considered  as  a  recognized  scientific  verity,  is  es- 
sentially a  nineteenth -century  discovery — is  about  the 
most  interesting  thing  in  the  universe.  Something  more 
as  to  its  properties,  real  or  assumed,  we  shall  have  oc- 
casion to  examine  as  we  turn  to  the  obverse  side  of 
physics,  which  demands  our  attention  in  the  next  chap- 
ter. 


CHAPTER  VII 
THE  ETHEK  AND  PONDERABLE  MATTER 


**Whatkvkk  <lirtiouIties  we  may  have  in  forming  a 
iHMisistoni  iiloa  of  the  constitution  of  the  ether,  there 
I'aii  hi'  no  liouhi  tliat  the  inlerphmetary  and  interstellar 
Npai'os  aiv  not  onipty,  but  ai*e  occupied  by  a  material 
>ubsianiv  or  boily  which  is  certainly  the  largest  and 
prol)ably  the  ni«»st  unilorni  boily  of  which  we  have  any 
knowlcili^o." 

Sui-h  was  the  vcrilict  ]>R>nounced  some  twenty  years 
ap*  by  .huuos  (Mork  Maxwell,  one  of  the  very  greatest 
i»l  ninciccnih  century  ])hysicists,  regarding  the  existence 
of  an  all  ]>crvading  plenum  in  the  universe,  in  which 
every  partiilt^  of  tangible  matter  is  immersed.  And  this 
verdict  may  be  said  t«>  ex])ress  the  attitude  of  the  entire 
philosophical  world  of  our  day.  AVithout  exception,  the 
authoritative  j)hysicists  of  our  time  accept  this  plenum 
as  a  veritv,  and  reason  about  it  with  somethinfi:  of  the 
sam«^  conlidence  they  manifest  in  speaking  of  '*  pondera- 
ble "  matter  or  of  energy.  It  is  true  there  are  those  among 
them  who  are  disposed  to  deny  that  this  all-pervading 
plenum  merits  the  name  of  matter.  But  that  it  is  a 
something^  and  a  vastly  imjwrtant  something  at  that,  all 
are  agreed.     Without  it,  they  allege,  we  should  know 
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nothing  of  light,  of  mdiant  heat,  of  electricity,  or  mag- 
netisTti;  without  it  there  would  probably  be  no  such 
thing  as  graviution ;  nay,  they  even  hint  that  without 
this  strange  something,  ether,  there  would  be  no  such 
thing  as  matter  in  the  universe.  If  these  contentions  of 
tlie  modern  physicist  are  justified,  then  this  int-angible 
ether  is  incomparably  the  most  important  as  well  as  the 
'* largest  and  most  uniform  substance  or  body''  in  the 
universe.  Its  discovery  may  well  be  looked  upon  as  the 
most  important  feat  of  our  century. 

For  a  discovery  of  our  century  it  surely  is^  in  the 
sense  that  all  the  known  evidences  of  its  existence  have 
been  gathered  in  this  epoch.  True,  dreamers  of  all  ages 
have,  for  metaphysical  reasons,  imagined  the  existence 
of  intangible  fluids  in  space— they  had,  indeed,  peopled 
space  several  times  over  with  different  kinds  of  ethers, 
as  Maxwell  remarks— but  such  vague  dreamings  no  more 
constituted  the  discovery  of  the  modern  ether  than  the 
di-eam  of  some  pre-Columbian  visionary  that  land  might 
lie  beyond  the  unknown  waters  constituted  the  discov- 
ery of  America,  In  justice  it  must  be  admitted  that 
Iluyghens,  the  seventeenth-century  originator  of  the  un- 
dulatory  theory  of  light,  caught  a  glimpse  of  the  true 
ether;  but  his  contemporaries  and  some  eight  genera- 
tions of  his  successors  wei'e  utterly  deaf  to  his  claims ; 
so  he  bears  practically  the  same  relation  to  the  nine- 
teenth-century discoverers  of  ether  that  the  Norseman 
bears  to  Columbus. 

The  true  Columbus  of  the  ether  was  Thomas  Young. 
His  discovery  was  consummated  in  the  early  days  of  the 
present  century,  when  ho  brought  forward  the  first  con- 
clusive proofs  of  the  undulatory  theory  of  liglit.  To 
say  that  light  consists  of  undulations  is  to  postulate 
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si>inething  which  unilQlates:  and  this  something  could 
not  be  air.  for  air  ejcists  only  in  infinitesimal  qaantity,  if 
at  all.  in  the  interstellar  spaces,  through  which  light 
freely  {penetrates.  But  if  not  air,  what  then?  Why, 
clearly,  something  more  intangible  than  air;  something 
sujvrsensible,  evading  all  liirect  eflforts  to  detect  it,  yet 
existing  everywhere  in  seemingly  vacant  space,  and  also 
interivnotrating  the  substance  of  all  transparent  liquids 
and  solids,  if  not.  indeeil.  of  all  tanorible  substances. 
This  intangible  something  Young  rechristened  the  Lu- 
minifonms  Eilier. 

In  the  early  days  of  his  discovery  Y'oung  thought  of 
the  undulations  winch  produce  light  and  radiant  heat  as 
being  longiuhiinul  a  forward  and  backward  pulsation, 
corri'S|»*Mhlinir  lo  the  pulsations  of  soumi — and  as  such 
pulsations  can  bo  transmit  toil  by  a  fluid  nie<liura  with 
tlio  projHM-iios  nf  t>riliiiarv  Huiils.  ho  was  justified  in 
thinking  of  tlio  other  as  being  like  a  fluid  in  its  proper- 
ties, oxeepl  Un-  its  oxtronio  intangibility.  But  about 
islS  the  experiuKMHs  of  Frosnol  and  Arago  with  polar- 
ization of  light  made  it  jseoru  very  doubtful  whether  the 
theory  of  hingituilinal  vibrations  is  sufficient,  and  it  was 
suggested  by  Young,  and  independently  conceived  and 
doinonstratotl  by  Fresnel.  tliat  the  luniiniferous  undula- 
tions are  not  longitudinal,  but  transverse;  and  all  the 
more  recent  ox[)eriments  have  tended  to  confirm  this 
view.  J^ut  it  happens  that  ordinary  fluitls — gases  and 
liquids — cannot  transmit  lateral  vibrations;  only  rigid 
bodies  are  capable  of  such  a  vibration.  So  it  became 
necessary  to  assume  that  the  luniiniferous  ether  is  a  body 
possessing  elastic  rigidity — a  familiar  property  of  tangi- 
ble solids,  but  one  quite  unknown  among  fluids. 

The  idea  of  transverse  vibrations  carried  with  it  an- 
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other  puzzle.  Why  does  not  the  ether,  when  set  aquiver 
with  the  vibration  which  gives  ps  the  Bensation  we  call 
Ijgbt,  have  produced  in  its  substance  subortlinate  quiv^ 
ers,  setting  out  at  right  angles  from  the  path  of  the 
original  quiver?  Such  perj>er]dicular  vibrations  seem 
not  to  exist,  else  we  miglit  see  around  a  corner;  how 
explain  their  absence^  The  pliysicists  could  think  of 
but  one  way:  they  must  assume  that  the  ether  is  in- 
compressible. It  must  Jill  all  space — at  any  rate,  all 
space  with  which  human  knowledge  deals — perfectly 
full. 

These  properties  of  the  ether,  incompressibiJity  and 
elastic  rigidity,  are  quite  conceivable  by  themselves; 
but  difficulties  of  thought  apjiear  when  we  reflect  upon 
another  quality  which  the  ether  clearly  must  possess — 
namely,  frictionlessness.  Per  liypiithesfs  this  rigid,  in- 
eoniprt'ssible  bmly  pervades  all  space^  imbedding  every 
particle  of  tangible  matter;  yet  it  seems  not  to  returd  the 
movements  of  this  matter  in  the  slightest  degree.  This 
is  undoubtedly  the  most  difficult  to  compi'ehend  of  the 
alleged  properties  of  the  ether.  Tiie  physicist  ejrplains 
it  as  due  to  the  perfect  elasticity  of  the  ether,  in  virtue 
of  wiiich  it  closes  in  befiind  a  moving  particle  with  a 
push  exactly  counterbalancing  the  stress  required  to 
penetnite  it  in  front. 

To  &  person  unaccustomed  to  think  of  seemingly 
solid  matter  as  really  oom[)^jsetl  of  partick's  relatively 
wide  apart,  it  is  hard  to  urtderstaml  tlie  claim  that 
other  penetrates  the  substance  of  solids— of  glass,  for 
example— and»  to  use  Young's  expressimi,  which  we 
have  prt3viuusly  quoted^  moves  among  them  as  freely 
as  the  wind  moves  through  a  grove  of  trees.  This 
thought,  however,  presents  few  dilHculties  to  the  mind 
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a«.vusu>ine<d  to  philosophical  speculation.  Bat  the  ques- 
tion rarly  arose  in  the  mind  of  Fresnel  whether  the 
ether  is  not  considerably  affected  by  contact  with  the 
l^irtioles  of  $olidx  S<.>me  of  his  experiments  led  him  to 
Mieve  that  a  (xirtion  of  the  ether  which  penetrates 
among  the  molecule^s  of  tangible  matter  is  held  captive, 
$^>  to  s)x\\k,  and  made  to  move  along  with  these  par- 
ticles Ho  s(X)ko  of  such  portions  of  the  ether  as 
**  Unind  "  oihor.  in  contradistinction  to  the  great  mass 
of  "  frot**'  other.  Half  a  century  after  Fresnel's  death, 
when  the  ether  hy|H>ihesis  had  become  an  accepted  ten- 
et of  science,  cxjvriments  were  undertaken  by  Fizeau 
in  France,  and  by  Maxwell  in  England,  to  ascertain 
whether  any  portion  of  ether  is  really  thus  bound  to 
|Kirticlcs  ot"  matter;  but  the  results  of  the  experiments 
weiv  ncirativc,  and  the  iiiiostion  is  still  undetermined. 

While  the  muhilatorv  thtM>ry  of  light  was  still  fighting 
its  way,  another  kind  of  evidence  favoring  the  existence 
of  an  ether  was  put  forwanl  by  Michael  Faraday,  who, 
in  the  course  o(  his  exjvriinents  in  electrical  and  mag- 
netic induction,  was  leil  nioiv  and  more  to  perceive  def- 
inite lines  or  channels  of  force  in  the  medium  subject  to 
electro  magnetic  influence.  Faraday's  mind,  like  that 
of  Newton  and  many  other  philosophers,  rejected  the 
idea  of  action  at  a  distance,  ami  he  felt  convinced  that 
the  phenomena  of  magnetism  and  of  electric  induction 
told  strongly  for  the  existence  of  an  invisible  plenum 
everywhere  in  space,  which  might  very  probably  be 
the  same  plenum  that  carried  the  undulations  of  light 
and  radiant  heat. 

Then,  about  the  middle  of  the  century,  came  that  final 
revolution  of  thought  regarding  the  nature  of  energy 
which  wo  have  already  outlined  in  the  preceding  chap- 
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ter^  and  with  that  the  case  for  ether  was  considered  to 
be  fuUj  established.  The  idea  that  energy  is  merely  a 
**  mode  of  motion  "  (to  adopt  TyndalPs  familiar  phrase), 
combined  with  the  universal  rejection  of  the  notion  of 
aetion  at  a  distance,  made  the  acceptance  of  a  plenum 
throughout  space  a  necessity  of  thowght — so,  at  any 
rate,  it  has  seemed  to  most  physicists  of  recent  decades. 
The  proof  that  all  known  tonim  of  radiant  energy  move 
through  space  at  the  same  rate  of  speed  is  regarded  as 
practically  a  demonstration  that  but  one  plenum — one 
ether — is  concerned  in  their  transmission.  It  has,  in- 
deed, been  tentatively  suggested,  by  Professor  J.  Oliver 
I-odge,  that  there  may  be  two  ethers,  representing  the 
two  opposite  kinds  of  electricity,  but  even  the  author 
of  this  hypothesis  would  hardly  ctaim  for  it  a  high  de- 
gree of  probability. 

The  most  recent  speculations  regarding  the  properties 
of  the  ether  have  departed  but  little  from  the  early  ideas 
of  Voung  and  Fresnel.  It  is  assumed  on  all  sides  that 
the  ether  is  a  continuous,  incompressible  body,  possess- 
ing rigidity  and  elasticity.  Lord  Kelvin  has  even  cal- 
culated the  probable  density  of  this  ether,  and  its  coetti- 
eient  of  rigidity.  As  might  be  supposed,  it  is  all  but 
intinitely  tenuous  as  compared  with  any  tangible  solid, 
and  its  rigidity  is  but  iiitinitesimal  as  compared  with 
that  of  steel.  In  a  word,  it  combines  properties  of 
tangible  matter  in  a  way  not  known  in  any  tangible 
snbstatieo.  Therefore  we  cannot  |>ossil>ly  conceive  its 
true  condition  correctly.  The  nearest  approximation, 
according  to  Lortl  Kelvin,  is  furnished  by  a  mould  of 
Irunsparent  jelly.  It  is  a  crude,  inatxumte  analogy,  of 
course,  the  dpusity  and  resistance  of  jelly  in  particular 
being  utterly  different  from  those  of  the  ether;  but  the 
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and  lite  «ittfiLic  mnEian  under  whidk : 
HUB  i»  Twifii«d  abcnii.  funoA  aaa PMuJogyto 
€s»uid  s&nuisixi  uie€iLbcr.irii]dhanBlHUtei 
nMiiam  ^dcb^,  mufriiexKiiu  and 

Tiie  creia  jibysicHa?  cif  xbe  dar 
ilic  exiB:<eDoe  df  tLs  all  parrading  fftber.  H 
xminiJttBi  T'T^fsscmifl-icir  lor  txjr  one  _ 

pa}e  lo  cL.JLl>r.£«e  bc*  firmir  nx^ad  a  belief. 
dfffML  in  arj  V  t-Teri^  ibere  seems  iJuJe  grouMl 
14>  base  such  it  ciiiilieD£«.  Yea  h  hut  boC  be 
amis»  Ui  TvAtn.*:  i  ljli  tiie  pb vsick<  of  UMiaj  m  bo  flMm 
oeriaJD  vf  i:s  eibtr  itm^  ^as  his  predeoenor  of  tU 
eigL:eer.:i  c>rr:jrr  .if  iLr  rx:>:€-noe  of  certain  alleged 
Bul»si<4r.cv/«  'iTL.-.':.  i-e  cti'-t*.:  y'LIog-;?>ioTi,  caloric corpmdM 
of  j:i:L;,  ar,i  r/i.tirri -::■.-  .-.rr-i  vlt-vinc  fluids.  It  would  ba 
bui  xii*^  ivjH'i;i]...n  «.•:  i.:>:i»rv  >h^>ulil  it  chance  that  be- 
fvrv  ilje  ii'ts^  of  iin«.«iijvr  cvn:ury  \he  elLer  should  hare 
takvn  its  |»lact;  alor.^  wnlj  ij:ese  discarded  creations  of 
the  scientitic  iinugiriaiion  of  earlier  gtenerations.  The 
philosopljer  of  lonlay  feels  very  sure  that  an  ether  ex- 
ists ;  but  when  he  says  there  is  "  no  doubt  *'  of  its  exist- 
ence he  speaks  incautiously,  and  steps  beyond  the  boands 
of  demonstration.  He  does  not  knoic  that  action  cannot 
take  place  at  a  distance  ;  he  does  not  know  that  empty 
sj)ac(*  itself  may  not  perform  the  functions  which  he 
ascribes  to  bis  space-iiiling  ether. 


n 
Mount! mo,  however,  the  ether,  be  it  substance  or  be 
it  only  (Iream-HtufT,  is  serving  an  admirable  purpose  in 
furniHhing  u  fulcrum  for  modern  physics.     Not  alone 
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theticiil  mistiness  has  been  reared  the  most  tenable 
tbeory  of  the  constitution  of  (mndemble  matter  n'hichj 
has  yet  been  sugge.sted — or,  at  any  rate,  the  one  that 
will  stand  as  the  detinitlve  nineteentti-centtiry  guess  at 
this  **  riddle  of  the  ages,"  I  mean, of  course,  tlie  cortex] 
theory  of  atoms^that  profound  and  fascinating  doctrine 
uiiich  snggests  that  matter,  in  all  its  niiJltifonn  phases, 
is  nothing  more  or  less  than  ether  in  motion. 

The  author  of  this  wonderful  conception  is  LortJ  Kel- 
vin. T!ie  idea  was  born  in  his  mind  of  a  happy  union 
of  matiieniatical  calculations  with  concrete  experiments. 
The  mathematical  calculations  warn  largely  the  work  of 
Hermann  von  Uelmholtz,  who,  ab<jut  the  year  1858,  had 
undertaken  to  soiv^e  some  unique  problems  in  vortex 
motions.  Hehnhol tz  found  that  a  vortex  whirl,  once  es- 
tablished in  a  friction  less  medium,  must  go  on^  theoret- 
ically, unchanged  forever.  In  a  limited  medinm  auch  a 
whirl  may  be  V-shaped,  with  its  ends  at  the  surface  of 
the  medium.  We  may  imitate  such  a  vortex  by  drawing 
the  bowl  of  a  spoon  quicldy  through  a  cup  of  water. 
But  in  a  limitless  medium  the  vortex  whir!  must  always 
Ije  a  closed  ring,  which  may  take  tbe  sini[>le  form  of  a 
hoop  or  circle,  or  which  may  be  indefinitely  contorted, 
looped,  or,  so  to  speak,  knotted.  Whether  simple  or 
contorteil,  this  endless  chain  of  whirling  matter  (the 
particles  revolving  about  the  axis  of  the  loop  as  the  par- 
ticles of  a  string  revolve  when  the  string  is  rolled  be- 
tween tlie  lingers)  must,  in  a  friction  less  medium,  retain 
its  form,  and  whirl  on  with  undiminished  speeil  forever. 

While  these  theoretical  calculations  of  Helm  hoi  tz  were 
fresh  in  his  mind,  Lonl  Kelvin  (titen  Sir  William  Thorn. 
son)  was  shown  by  Professor  P,  G.  Tait,  of  Edmburgh, 
an  apparatus  constructed  for  the  purpose  of  creating 
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vortex  rings  in  air*  Tlie  apparatus,  which  anj  one  may 
duplicate,  consisted  simply  of  a  box  witb  a  hole  bored 
in  one  side,  and  a  piece  of  canvas  strelcbod  across  the 
opposite  side  in  lieu  of  boards.  Fumes  of  cJiJoride  of 
ammonia  are  generated  vvitliin  the  box,  merely  to  render 
the  air  visible.  By  tapping  vvntli  the  hand  on  the  canvas 
side  of  the  box,  vortex  rings  of  the  clouded  air  are  driven 
out,  precisely  similar  in  appearance  to  tbosjesmoke-ring^s 
wbich  some  eK|>ert  tobaceo-smokei's  can  produce  by  tap- 
ping on  their  cheeks,  or  to  those  larger  ones  which  we 
somotimes  see  blown  out  from  the  funnel  of  a  locomo- 
tive. 

The  advantage  of  Professor  Tail's  apparatus  Is  its 
manageablenesSj  and  the  certainty  with  which  the  de- 
sired result  can  bo  produced.  Before  Lord  Kelvin's  in- 
terested observation  it  thre\T  out  rings  of  various  sizes, 
which  moved  stralglit  aci*os$  the  i-onm  at  varying  rates 
of  speed,  according  to  the  initial  im[mlse,  and  which  be- 
haved very  strangely  when  coming  in  contact  with  one 
another.  If^  for  example,  a  rapidly  moving  ring  over- 
took another  moving  in  the  same  path,  the  one  in  ad- 
vance seemed  to  paui^e,  and  to  Sfiread  out  its  |»eriphery 
like  an  elastic  band,  while  the  pursuer  seemed  to  eon- 
tmct,  till  it  actually  slid  tlirougii  the  orifU!i?of  the  other, 
after  which  each  ring  resumed  its  origiuat  size,  and  con- 
tinuoi]  its  course  as  if  nothing  luul  tiapfMnind.  Wlieni  on 
the  other  hand^  two  rings  moving  in  slightly  ditferent  ili- 
rections  came  near  eacli  other,  thoy  seemed  to  have  an 
attmction  for  each  other;  yet  if  they  impingetl,  they 
boundeil  away, quivering  like  eliLstic  solids.  If  an  effort 
were  imnle  to  grasp  or  to  cut  one  of  tliese  rings,  the  subtle 
thing  shrunk  from  the  contact,  and  slipped  away  as  if  it 
were  alive. 
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Aod  aH  Um  wbik  liie  bodv  wliidi  thus  conducted 
iUeJf  consirted  simp^J  of  a  whirl  in  the  air  made  visi- 
blev  KNit  90^  otJierwbfi  infloMceiK  by  smukr  fumes. 
Fn-MBittj  Ibe  frietioti  *>f  ibe  wrmiiridiiig  air  wore  the 
ring^  aiTAf-,  mnd  if  fadnl  intu  tbe  geciHr^l  »tmr>sphef« — 
aften,  bowerer,  ooc  unUi  il  bad  |Wfsi^nl  for  manj  sec 
oods,  and  passed  clear  across  a  large  room.  Clearly,  if 
ibere  irere  no  friction,  tbe  ring's  inertia  most  make  it  a 
permanent  stractore.  Only  the  frictionless  roediam  was 
lacking  to  fulfil  all  the  conditions  of  Helroholtz's  inde- 
stnictible  cortices.  And  at  once  Lord  Kelvin  bethought 
hiin  of  the  frictionless  medium  whicli  physicists  had  now 
begun  to  accept — the  all-pervading  ether.  What  if  vor- 
tex rings  were  started  in  this  ether,  must  they  not  have 
the  properties  which  tlie  vortex  rings  in  air  had  exhib- 
ited— inertia,  attraction,  elasticity  i  And  are  not  these 
the  proj>erties  of  ordinary  tangible  matter?  Is  it  not 
probable,  then,  that  what  we  call  matter  consists  merely 
of  aggregations  of  infinitesimal  vortex  rings  in  the 
ether  ? 

Thus  the  vortex  theory  of  atoms  took  form  in  Lord 
Kelvin's  mind,  and  its  expression  gave  the  world  what 
many  philosophers  of  our  time  regard  as  the  plausible 
conception  of  the  constitution  of  matter  hitherto  formu- 
lated. It  is  oni}'^  a  theory,  to  be  sure  ;  its  author  would 
be  the  last  person  to  claim  finality  for  it.  "  It  is  only  a 
dream,"  Lord  Kelvin  said  to  me,  in  referring  to  it  not  long 
ago.  But  it  has  a  basis  in  mathematical  calculation  and 
in  analogical  experiment  such  as  no  other  theory  of  mat- 
ter can  lay  claim  to,  and  it  has  a  unifying  or  monistic 
tendency  that  makes  it,  for  the  philosophical  mind,  little 
less  than  fascinating.  True  or  false,  it  is  the  definitive 
theory  of  matter  of  the  nineteenth  century. 
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Quite  aside  from  the  c|uestJon  of  the  exact  constita- 
ticm  of  the  ultimate  |mrticles  of  itiaiter,  questions  as  to 
the  distribution  of  such  particles^  their  mutual  relations, 
properties^  and  actions,  have  come  in  for  a  fidl  share  of 
attention  during  our  century,  though  the  foundations 
for  the  modern  spec^ulationa  were  furnished  in  a  pre- 
vious  epoclh  The  most  popular  eighteenth -century 
speculation  as  to  the  ultimate  constitution  of  matter 
Vfm  that  of  the  learned  Italian  priest,  Roger  Joseph 
Boscovich,  published  in  1758,  in  his  Theona  Phlkm*- 
phm  N'tttimdh.  *'  In  this  theory "  according  to  an 
early  coininentator,  "  the  whole  mass  of  which  the 
bodies  of  the  universe  are  coui posed  is  supposed  to  con- 
sist of  an  exceedingly  great  yet  finite  numiier  of  simple, 
indtvisible,  inexteniled  atoms.  These  atoms  are  endued 
bv  the  Creator  witli  repuhlce  and  attntdhe  forces, 
which  vary  accf>rding  to  the  distance.  At  very  small 
distances  the  purticles  of  tiiutter  re[>el  each  other ;  and 
this  repulsive  force  increases  beyond  all  limits  as  the 
distances  are  diminished,  and  will  consequently  forever 
prevent  actual  cimtuct.  When  the  particles  of  matter 
are  retnoved  to  sensible  distances,  the  repulsive  is  ex- 
changed for  an  attractive  force,  which  ilecreases  in  in- 
verse! ratio  with  the  gtjuuresoF  the  distances,  and  extends 
l>ey«>nd  the  spheres  of  tlie  most  remote  comets/' 

Tliis  conception  of  the  atom  as  a  mere  centre  of  force 
was  hardly  such  as  eonld  satisfy  any  mind  other  than 
the  metaphysical  No  one  niatlo  a  conspionnus  attempt 
to  improve  upon  the  j<lea,  licnvever,  till  jnst  at  the  close 
of  the  century,  when  Humphry  Davy  was  led,  in  the 
course  of  his  studies  of  heat,  %o  speculate  as  to  the 
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changes  that  oocar  in  the  intimate  snbstanoe  of  matter 
under  altered  conditions  of  temperature.  Davy,  as  we 
hare  seen,  regarded  heat  as  a  manifestation  of  motion 
among  the  particles  of  matter.  As  all  bodies  with 
which  we  come  in  contact  have  some  temperature,  Davy 
inferred  that  the  intimate  particles  of  every  substance 
must  be  perpetually  in  a  state  of  vibration.  Such  vibra- 
tions, he  believed,  produced  the  "  repulsive  force"  which 
(in  common  with  Boscovich)  he  admitted  as  holding  the 
particles  of  matter  at  a  distance  from  one  another.  To 
heat  a  substance  means  merely  to  increase  the  rate  of 
vibration  of  its  particles ;  thus  also,  plainly,  increasing 
the  repulsive  forces,  and  expanding  the  bulk  of  the  mass 
as  a  whole.  If  the  degree  of  heat  applied  be  sufficient, 
the  repulsive  force  may  become  strong  enough  quite  to 
overcome  the  attractive  force,  and  the  particles  will  sep- 
arate and  tend  to  lly  away  from  one  another,  the  solid 
then  becomint^  a  gas. 

Not  much  attention  was  paid  to  these  very  suggestive 
ideas  of  Davy,  because  they  were  founded  on  the  idea 
that  heat  is  merely  a  motion,  which  the  scientific  world 
then  repudiated ;  but  half  a  century  later,  when  the  new 
theories  of  energy  had  made  their  way,  there  came  a 
revival  of  practically  the  same  ideas  of  the  particles  of 
matter  (molecules  they  were  now  called)  which  Davy 
had  advocated.  Then  it  was  that  Clausius  in  Germany 
and  Clerk  Maxwell  in  England  took  up  the  investigation 
of  what  came  to  be  known  as  the  kinetic  theory  of  gases 
— the  now  familiar  conception  that  all  the  phenomena 
of  gases  are  due  to  the  helter-skelter  flight  of  the  show- 
ers of  widely  separated  molecules  of  which  they  are 
composed.  The  specific  idea  that  the  pressure  or 
"spring"  of  gases  is  due  to  such  molecular  impacts  was 
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due  to  Dauiel  Bournelli,  who  advanced  it  early  in  the 
eigbleenth  centur3\  The  idea,  then  little  noticed,  had 
been  revtveil  about  a  century  later  by  Williiiin  Hera- 
paLh,  and  again  with  some  success  by  J,  J,  Waterston, 
oi*  Bombay,  about  184^ ;  but  it  gained  no  distinct  foot- 
ing until  taken  in  iiand  by  Claudius  in  1857  and  by 
Maxwell  in  ISGl*. 

The  investigations  of  these  great  physicists  not  only 
served  fully  to  substantiate  the  doctrine,  bat  threw  a 
Hood  of  light  upon  the  entire  subject  of  molecular  dy- 
namics. Soon  the  physicists  came  to  feel  as  certain  of 
the  existence  of  these  showers  of  flying  molecules  mak^ 
ing  up  a  g^as  as  if  they  could  actually  see  and  watch 
their  individual  actions.  Thmugh  :ituily  of  the  viscosity 
of  gases— that  is  to  say,  of  the  degree  of  frictional  oppo- 
sition they  show  to  an  object  moving  through  tlioin  or 
to  another  current  of  gasman  idea  was  gained,  with  the 
aid  of  mathematics,  of  the  rate  of  speed  at  which  the 
particles  of  the  gas  are  moving,  and  the  numl>er  of  col- 
lisions whioh  each  particle  must  exi>erience  in  a  given 
time,  ami  of  the  lengtli  of  the  average  free  path  trav- 
er"seil  by  the  molecule  between  collisions.  These  meas- 
urements were  conlirmed  by  study  of  the  rate  of  diffusion 
at  whicfi  different  gases  mix  together,  and  also  by  the 
rate  of  diffusion  of  heat  through  a  giis^  both  these  phe- 
nomena being  chiefly  due  to  the  belter  skelter  flight  of 
the  molecides. 

It  is  sulFiaiently  astonishing  to  be  told  that  such 
measurements  as  these  have  been  maile  at  alU  hut  the 
astonish rnent  grows  when  one  hears  the  results.  It  ap- 
pears fruTu  Maxwells  calculations  that  the  mean  free 
p.ith,  or  distance  traversed  by  the  molecules  between 
collisions  in  t>rdinary  air,  is  about  one  half  millionth  of 
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an  inch  ;  while  the  speed  of  the  molecules  is  such  that 
each  one  experiences  about  eight  billions  of  collisions 
per  second  !  It  would  be  hard,  p«rha|)s,  to  cite  an  illiJ*- 
tration  showing  the  refinements  of  modern  physics  bet- 
ter  than  this ;  unless,  indeed,  one  other  result  that  foh 
lowe<l  directly  from  these  calculations  be  considered 
siioh— the  feat,  nanielyi  of  measuring  the  size  of  the 
molecules  themselves.  Clansius  was  tlie  first  to  point 
out  how  this  iniffht  be  done  from  a  know  1  inline  of  tlm 
length  of  free  patli ;  and  the  calculations  were  made  by 
Loschmidt  in  Germany,  and  by  Lord  Kelvin  in  England, 
independently. 

The  work  is  purely  mathematical,  of  course,  but  the 
results  are  regarded  as  unassailable ;  indeed,  Lord  Kekin 
speaks  of  them  as  being  absolutely  demonstrative  within 
certain  limits  of  accuracy.  This  does  not  mean,  how- 
ever,  that  they  show  the  exact  dimensions  of  the  mole- 
cule; it  means  an  estimate  of  the  limits  of  size  within 
which  the  actual  she  of  the  molecule  may  lie,  Tliese 
limits,  Lord  Kelvin  estimates,  are  about  the  one  ten- 
millionth  of  a  centimetre  for  the  maximum,  and  the  one 
onediundred  millionth  of  a  centimetre  for  the  minimum. 
Such  tigures  convey  no  particular  meaning  to  our  blunt 
senses,  but  I^rd  Kelvin  has  given  a  Uuigible  iliustration 
that  aitls  the  imagination  Uy  at  least  a  vague  comprehen- 
sion of  tlie  unthinkable  emallness  of  the  molecule.  He 
estimates  tliat  if  a  ball,  say  nf  water  or  glass,  about  "  as 
large  as  a  football,  were  to  Ih»  magnified  up  to  the  size 
of  the  ear  til,  each  constituent  molecule  being  magnified 
in  the  same  proportion,  the  magnifled  Btructure  would 
1^  more  coarse-grained  flian  a  heap  of  shot,  but  probii- 
bly  les!^  coarse-grained  than  a  heap  of  fontbaUs," 

Several  other  metlnnls  have  been  employed  to  estimate 
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the  size  of  molecules.  One  uf  iUam  is  based  upon  the 
pbt^nomeiia  of  contact  electricity  ;  anotfier  iiprm  tbe 
wave-theory  of  liglit;  and  uriotlier  upon  capillary  at- 
traction, as  shavvn  in  the  ten^ti  lihn  uf  a  soap  bubble! 
No  one  of  tliese  inethoUs  gives  results  more  diitiriite  than 
that  due  lo  the  kinetic  theory  of  gases,  just  outlined ; 
but  the  important  thing  is  that  the  results  obtjiined  by 
these  different  methods  (all  of  thorn  due  to  Lord  Kelvin) 
agree  with  one  another  iu  fixing  the  dimensions  of  the 
molecule  at  somewhere  akjout  the  limits  already  men- 
tioned. We  may  feel  very  sure  indeed,  therefore,  that 
the  ultimate  particles  of  matter  are  not  the  uaextended, 
formless  points  which  Boscovich  and  his  followers  of  the 
last  ceotury  thought  them. 


IT 

Whatever  the  exact  form  of  the  molecule,  its  outline  is 
subject  to  incessant  variation;  for  nothing  in  molecular 
science  is  regarded  as  more  firmly  established  than  that 
the  molecule,  under  all  ordiriitry  circumsUinees,  ts  in  a 
state  of  intense  but  variable  vibration.  The  entire  en- 
ergy of  a  miik'cule  of  giis,  for  example,  is  not  measured 
by  its  momentum,  but  by  this  plus  its  energy  of  vibra- 
tion  and  rotation,  due  to  the  collisions  already  referred 
to.  Clausius  has  even  estima^ted  the  relative  importJinoe 
of  these  two  tpiantities,  showing  that  the  translational 
motieiU  of  a  molecule  of  gas  accounts  for  only  three- 
Kfths  of  its  k  me  tic  energy*  The  total  energy  of  the 
molecule  (which  we  call  '-heat'*)  includes  also  another 
factor,  namely,  potential  energy,  or  energy  of  position, 
duo  to  the  work  that  has  been  done  on  expanding,  in 
overcoming  external   pressure,  and  internal  attraotioQ 
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between  the  molecules  themselves.  This  pjtentiul  en- 
ergy (which  will  be  recovered  when  the  gas  eonlrncU)  J8 
the  '* latent  heat**  of  Black,  which  so  long  puzzled  the 
philosophers.  It  is  latent  in  the  same  sense  that  the  en- 
ergy of  a  ball  thrown  into  the  air  is  Intent  at  the  mo- 
ment when  the  ball  jK>ises  at  its  greatest  height  before 
beginning  to  falL 

It  thus  appears  that  a  vaiiety  of  motions^  real  and  po- 
tential, enter  into  the  protluction  of  the  condition  we 
term  heat.  It  is,  however,  chiefly  the  translational  mo- 
tion which  is  measurable  as  temperature ;  and  this,  loo* 
which  most  obviously  determines  the  physical  state  of 
the  substance  that  the  molecides  collectively  compose^ 
whether,  that  is  to  say^  it  shall  appear  to  our  blunt  per- 
ceptions as  a  gas,  a  liquid^  or  a  solid.  In  the  gaseous 
state,  as  we  have  seen,  the  translational  molion  of  the 
molecules  is  relatively  enormous,  the  molecules  being 
widely  separated.  It  does  not  follow,  as  we  formerly 
supposed,  that  tliis  is  evidence  of  a  repulsive  power  act- 
ing between  the  molecules.  The  physicists  of  to<lay, 
headed  by  Lord  Kelvin,  decline  to  recognize  any  such 
power.  They  hold  that  the  molecules  of  a  gas  tly  in 
straight  lines  in  virtue  of  their  inertia,  quite  inde])en- 
dently  of  one  another,  except  nt  timt^s  of  collision,  from 
which  they  rebound  in  virtue  of  their  elasticity ;  or  an 
approach  to  collision,  in  which  latter  case,  coming  with- 
in the  range  of  mutual  attraction,  two  molecules  may 
circle  about  one  anotbor,  as  a  comet  circles  about  the 
sun,  then  rush  apart  again,  as  the  comet  rushes  from 
the  sun. 

It  is  obvious  that  the  length  of  the  mean  free  jmth  of 
the  molecules  of  a  gas  may  be  increased  indefinitely  by 
decreasing  the  number  of  the  molecules  themselves  in  a 
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circumscribed  space.  It  has  been  shown  by  Professors 
Tail  and  Devvar  that  a  vacuum  may  be  produced  arti- 
ficially of  such  a  degree  of  mpefaction  that  the  mean 
free  path  of  the  remaining  molecules  is  measurable  in 
inches.  The  calculation  is  based  on  experiments  made 
with  the  radiometer  of  Professor  Crookes,  an  instru- 
ment which  in  itself  is  held  to  demonstrate  the  truth  of 
the  kinetic  theory  of  gases.  Such  an  attenuated  gas  as 
this  is  considered  by  Professor  Crookes  us  constituting  a 
fourth  state  of  matter,  which  be  terms  ultra-gaseous. 

If,  on  the  other  hand*  a  gas  is  subjected  to  pressure, 
its  molecules  are  crowded  closer  together,  and  the  length 
of  their  mean  free  path  is  thus  lessened*  Ultimately,  the 
pressure  being  suiKcient,  the  molecules  are  practically 
in  continuous  cont^ict.  Meantime  the  enormaiisly  in* 
creased  number  of  collisions  has  set  the  molecules  more 
and  more  actively  vibrating,  and  the  temperature  of  the 
gas  has  increased,  as,  indeed,  necessarily  results  in  ac- 
cortlance  with  the  law  of  the  conservation  of  energy. 
Ko  amount  of  pressure,  therefore,  can  suffice  by  itself  to 
reduce  the  gas  to  a  liquid  state,  It  is  believed  tfiat 
even  at  the  centre  of  the  sun,  where  the  pressure  is  al- 
most inconceivably  great,  all  matter  is  to  be  regarded  as 
really  gaseous,  though  the  molecules  must  be  so  packed 
together  that  the  consistency  is  probably  more  like  that 
of  It  solid. 

If,  however,  coincidently  with  the  application  of  press- 
are,  opportunity  be  given  for  the  excess  of  heat  to  bo 
dissipated  to  a  colder  &uinK>undirig  metlium^  the  mole- 
cules, giving  off  their  excess  of  energy,  become  relative* 
ly  quiescent,  and  at  a  certain  stage  the  gas  becomes  a 
liquid.  The  exact  poirU.  at  which  this  transformation 
DccurSf  however,  diilors  enormously   for  different  aub- 
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In  the  case  of  mUer^  for  example,  it  is  a  teni- 
pemtare  more  Uma  fuar  bmidred  degrees  above  sero^ 
Ceaiigmde;  nbile  for  atmc^henc  air  it  is  194^  t^nti- 
gnule  below  zero,  or  iiK>re  tb&n  a  bumlii&d  and  fift^'  tie- 
grees  below  tbe  poiot  at  wbicb  mercurj  freezes. 

Be  it  higb  or  low^  tbe  tempemtitre  above  wbich  any 
substance  is  tilivays  a  gas,  ne^gardlesi  of  pressiire,  is 
calleil  tbe  critical  lemperjiure,  or  absolate  boiling- pointy 
of  that  substance;  It  does  not  folloir,  however,  that 
beiovv  this  point  the  substance  ts  neoessarilj  a  liquid, 
Thi'5  ic  ;n  rf}:itt<i^r  tKrit  will  1-^  'l-f4HTiiined  by  exlerniil 
conditions  of  pressure.  Even  far  below  the  critical  tem- 
perature the  molecules  have  an  enormous  degree  of  ac- 
tivity, and  tend  to  fly  asunder,  maintaining  what  ap- 
pears to  be  a  gaseous,  but  what  technically  is  called  a 
vaporous,  condition — the  distinction  being  that  pressure 
alone  suffices  to  reduce  the  vapor  to  the  liquid  state. 
Thus  water  may  change  from  the  gaseous  to  the  liquid 
state  at  four  hundred  degrees  above  zero,  but  under 
conditions  of  ordinary  atmospheric  pressure  it  does  not 
do  so  until  the  temperature  is  lowered  three  hundred 
degrees  further.  Below  four  hundred  degrees,  however, 
it  is  technically  a  vapor,  not  a  gas ;  but  the  sole  differ- 
ence, it  will  be  understood,  is  in  the  degree  of  molecular 
activity. 

It  thus  appears  that  the  prevalence  of  water  in  a 
vaporous  and  liquid  rather  than  in  a  "permanently" 
gaseous  condition  here  on  the  globe  is  a  mere  incident 
of  telluric  evolution.  E(|ually  incidental  is  the  fact  that 
the  air  we  breathe  is  "permanently  "  gaseous  and  not 
liquid  or  solid,  as  it  might  be  were  the  earth's  surface 
temperature  to  be  lowered  to  a  degree  which,  in  the 
larger  view,  may  be  regarded  as  trifling.    Between  the 
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atmospheric  teinj>erature  in  tropicnl  and  in  arctic  regions 
there  is  often  a  variation  of  more  than  one  hundred  de- 
grees; were  the  temperature  reduced  another  hundred, 
the  point  would  be  reached  at  which  oxygen  gas  becomes 
a  vapor,  and  under  increasod  pressure  would  be  a  liquid- 
Thirty  seven  degrees  more  would  bring  us  to  the  critical^ 
temperature  of  nitrogen. 

Nor  is  this  a  inero  theoretical  assumption;  it  is  a 
determination  of  experi mental  scieoce»  quite  indej>en- 
dent  of  theory.  Tli«  physicist  in  the  laboratory  has 
produced  artificial  conditions  of  temperatui-e  enabling 
him  to  change  tlie  state  of  the  most  persistent  gases. 
Some  fifty  years  since,  when  the  kinetic  theory  was  in 
il«  infancy,  Faradjiy  lic|uelied  carbonic  acid  gas,  among; 
others,  and  the  experimentfi  thus  inaugurati^d  have  been 
extended  by  numerous  m(»re  recent  investigators,  notably 
by  Cailletet  in  Switzerland,  by  Ftctet  in  France,  and  hy 
Dr.  Thomas  Antlrevvs  and  Professor  James  Dewar  in 
England.  In  the  coui'se  of  these  experiments  not  only 
has  air  been  Itqiiefied,  but  hydrcigen  also,  the  most  subtle 
of  gases;  and  it  has  been  made  more  and  more  afiparent 
that  gas  and  litiuid  ;rre,  as  Andrews  long  ago  asserted^ 
"  only  distant  stages  »if  a  long  series  of  continuous  phys- 
ical changes/'  Of  ciKH'SL^  if  the  tempcniture  be  lowered 
still  further,  the  litpiifl  becomes  a  solid  ;  and  this  change 
ako  has  been  effected  in  the  case  of  some  of  the  most 
^* permanent"  gniies,  including  air.  , 

The  degree  of  cohl  — thfit  is,  of  absence  of  heat — thus 
pro<iuced  is  enormons^  relatively  to  anytliing  of  which 
we  have  experience  in  nature  here  at  the  earth  now, 
yet  tht»  mofccules  of  sulidific<l  air,  forexaniplo,  are  not 
absolult?ly  (juicscetit*  in  other  wurds^  tliey  still  have  a 
terajwrature,  though  so  Very  low.     But  it  is  clearly  con- 
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ceivable  that  a  stage  might  be  reached  at  which  the 
molecules  became  absolutely  quiescent,  as  regards  either 
translational  or  vibratory  motion.  Such  a  heatless  con- 
dition has  been  approached,  but  as  yet  not  quite  attained, 
in  laboratory  experiments.  It  is  called  the  absolute 
zero  of  temi>erature,  and  is  estimated  to  be  equivalent 
to  273°  Centigrade  below  the  freezing-point  of  water,  or 
ordinary  zero. 

A  temi>erature  (or  absence  of  temperature)  closely 
approximating  this  is  believed  to  obtain  in  the  ethereal 
ocean  of  interplanetary  and  interstellar  space,  which 
transmits,  but  is  thought  not  to  absorb,  radiant  energy. 
We  here  on  the  Ciirtirs  surface  are  protected  from  ex- 
posure to  this  cold,  which  would  deprive  every  organic 
thing  of  life  almost  instantaneously,  solely  by  the  thin 
blanket  of  atmosphere  with  which  the  globe  is  coated. 
It  would  seem  iis  if  this  atmosphere,  exposed  to  such  a 
temj>erature  at  its  surface,  must  there  be  incessantly 
liquefied,  and  thus  fall  back  like  rain  to  be  dissolved 
into  gas  again  while  it  still  is  many  miles  above  the 
e;irth's  surface.  This  may  be  the  reason  why  its  scurry- 
ing molecules  have  not  long  ago  wandered  off  into  space, 
and  left  the  world  without  protection. 

But  whether  or  not  such  liquefaction  of  the  air  now 
occurs  in  our  outer  atmosphere,  there  can  be  no  question 
as  to  what  must  occur  in  its  entire  depth  were  we  per- 
manently shut  off  from  the  heating  influence  of  the  sun, 
as  the  astronomers  threaten  that  we  may  be  in  a  future 
age.  Each  molecule,  not  alone  of  the  atmosphere,  but  of 
the  entire  earth's  substance,  is  kept  aqui  ver  by  the  energy 
which  it  receives,  or  has  received,  directly  or  indirectly, 
from  the  sun.  Left  to  itself,  each  molecule  would  wear 
out  its  energy  and  fritter  it  off  into  the  space  about  it, 
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ultimately  running  completely  down,  as  surely  as  any 
human-made  machine  whose  power  is  not  from  time  to 
time  restored.  If  then  it  shall  come  to  pass  in  some 
future  age  that  the  sun's  rays  fail  us,  the  temperature 
of  the  globe  must  gradually  sink  towards  the  absolute 
zero.  That  is  to  say,  the  molecules  of  gas  which  now 
fly  about  at  such  inconceivable  speed  must  drop  helpless 
to  the  earth ;  liquids  must  in  turn  become  solids ;  and 
solids  themselves,  their  molecular  quivers  utterly  stilled, 
may  perhaps  take  on  properties  the  nature  of  which  we 
cannot  surmise. 

Yet  even  then,  according  to  the  current  hypothesis, 
the  heatless  molecule  will  still  be  a  thing  instinct  with 
life.  Its  vortex  whirl  will  still  go  on,  uninfluenced  by 
the  dying  out  of  those  subordinate  quivers  that  produced 
the  transitory  effect  which  we  call  temperature.  For 
those  transitory  thrills,  though  determining  the  physical 
state  of  matter  as  measured  by  our  crude  organs  of  sense, 
were  no  more  than  non-essential  incidents;  but  the  vortex 
whirl  is  the  essence  of  matter  itself. 


cHArTER  vni 

THE  CKNTVKY'S  PRi^GRGSS  IX  CHEMISTRY 


Smau.  Ivc^nninjTs  have  great  endings — sometimes. 
A:i  a  c-iiio  in  iv»ini.  ro:o  what  came  of  the  small  original 
etTv^r:  of  a  >c.:-:r,;^:.iM  ivuWounirv  Quaker  youth  named 
.It^l.n  Oahr'!!.  \^  i'o  aloi^i:  lowanls  the  cK^se  of  the  last 
oonturv  Iviaino  inioT>^>u\i  in  the  weather,  and  was  led 
to  ix^r.siruoi  ar.J  um^  a  onuie  rain-g;uige  to  test  the 
ainounl  of  iho  waioifall.  The  simple  exj^riraents  thus 
inauirnnUiHj  u\\  lo  no  fewer  ihan  two  hundred  thousand 
reooixletl  ol^sorvations  n^caniinc  the  weather,  which 
formed  the  Kisis  for  some  oi  the  nu»sl  epoehal  discov- 
eries in  meti\M\>lv\;:y.  as  we  have  seen.  But  this  was 
only  a  bejiinninir.  Tii<'  simple  rain-gauge  |X)inted  the 
way  to  the  nu\<t  im|H>rtant  s^M1eraliz;l^ ion  of  our  century 
in  a  field  of  science  with  which,  to  the  casual  observer, 
it  might  seem  to  have  no  alliance  whatever.  The  won- 
derful theory  of  atoms,  on  which  the  whole  gigantic 
structure  of  mtxiern  chemistry  is  founded,  was  the  logical 
outgrowth,  in  the  miml  of  John  Dalton,  of  those  early 
studies  in  nieteon>logy. 

The  way  it  hap|)ened  was  this:  From  studying  the 
rainfall,  Dalton  turned  naturally  to  the  complementary 
process  of  evaporation,    lie  was  sot)n  led  to  believe  that 
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ra(Kjr  exists  in  the  atmosphere  as  an  independent  gas. 
But  since  two  bodies  cannot  cjccupy  tlie  sanity  space  at 

the  same  time,  this  implies  that  the  various  aCiii<»3pheHc 
trases  are  really  cornpHetl  of  iliscrete  particles.  Tiiese 
yltimate  particles  are  so  small  that  we  cannot  see  them 
—cannot,  indeed,  more  than  vaguely  imagine  them  — 
yet  ench  particle  of  vapor,  for  example,  is  just  as  much 
a  piirtion  i>f  water  tia  if  it  were  a  drop  out  of  tJje  ocean » 
or,  for  th:it  matter,  the  ocean  itself.  But  again,  water 
is  a  com()ound  substance^  for  it  may  he  se[>arated,  as 
Cavendish  hatl  shown »  into  the  two  elementary  sub- 
stances hydrogen  and  oxygen.  Hence  the  atom  of 
witter  must  be  comprise<l  of  two  lesser  atoms  joined 
together.  Imagine  an  atom  of  hydrogen  and  one  of 
oxygen.  Unite  thern,  iind  wb  hav^e  an  atom  of  water ; 
sever  them,  and  the  water  no  longer  exists ;  but  whether 
united  or  separate  the  atoms  of  hydrogen  and  of  oxygen 
remain  hydrogen  i%nii  oxygen  and  nothing  else.  Differ- 
ently mixed  together  or  united,  atoms  produce  different 
gross  substances;  hut  the  elementary  atoms  never  change 
their  chemical  nature— their  distinct  [lenionality* 

It  was  about  the  year  1S03  that  Daltnn  Hrst  gained  a 
full  grasp  of  the  conception  of  the  chemical  atom.  At 
once  he  saw  that  the  hypothesis,  if  true,  fiirnisbeil  a 
itiarvellous  key  to  s^jcrets  of  matter  hitherto  insoluble — 
questions  relating  to  the  relative  proportions  of  the 
atoms  themselves.  It  is  known,  for  example,  ttiat  a 
certain  bulk  of  liydrog<»n  gas  unites  with  a  certain  bulk 
of  oxygen  gas  to  form  water  ff  it  be  true  that  this 
combination  consists  essentially  of  the  union  of  atoms 
one  wifli  another  (each  single  iitom  of  hy(b'ogeri  unite<t 
to  a  single  atoui  of  oxygen),  then  the  relative  weiglitu 
of  the  original  rnasjies  of  hydrogen  and  of  oxygen  must 
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be  also  the  relative  weights  of  each  of  their  respectiTe 
atoms.  If  ono  pound  of  hydrogen  unites  witii  tive  and 
une  half  pounds  of  oxygen  (as,  according  to  Dal  ton's 
experiments,  it  did),  thort  the  weight  of  the  oxygen 


JOrra  DAl.TOM 


atom  must  be  five  and  one-half  times  that  of  the  hydro, 
gen  atom.  Other  compounds  may  plainly  l>e  tested  in 
(he  same  way.  Dal  ton  made  numerous  tests  before  he 
|>ublished  his  theory.  He  found  that  hydrogen  enters 
into  coinpuunds  in  smaller  proportions  than  any  otiier 
element  known  to  him,  and  so,  fc»r  convenience,  deler- 
inlned  to  take  the  weight  of  the  bydrugien  atom  r&  uuity. 
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The  atomic  weight  of  oxygen  then  becomes  (as  given  in 
Dalton  8  first  Uible  of  1803)  5.5;  that  of  water  (liydrogen 
plus  oxygen)  being  of  course  6,5.  Tiie  atomic  weigljts 
of  about  a  score  of  substances  are  given  in  Dal  ton's  first 
papei\  whioU  was  read  before  the  Literary  and  Philo- 
sopbieal  Society  of  Manchester,  October  31^  1803.  1 
vvotuler  if  Dal  ton  himself,  great  and  aeuU?  intellect 
though  lie  had,  suspectetl^  when  he  read  that  paper,  that 
he  was  inaugurating  nne  nf  the  mast  fertile  movements 
ever  entered  on  in  the  whole  history  of  science^ 


Be  that  as  it  may,  it  is  certain  enough  that  Dalton's 
con  temporaries  were  at  tirst  little  impressed  with  the 
novel  atomic  theory.  Just  at  this  time,  as  it  chanced,  a 
dispute  was  waging  in  the  tield  of  chemistry  regarding 
a  matter  of  empirical  fact  which  must  necessarily  be 
settled  before  such  a  theory  as  that  of  Dal  ton  couhl 
even  hope  fiir  a  hearing.  This  was  the  question  whether 
or  not  chemical  elements  unite  with  one  another  always 
in  definite  proportions.  Berthollet,  the  great  co-worker 
with  Lavoisier,  and  now  the  most  authoritative  of  living 
chemists,  contended  that  substances  combine  in  ahnost 
indefinitely  grade<1  proportions  between  fixed  extremes. 
He  held  that  solution  is  re*ally  a  form  of  chemical  com- 

lination — a  position  which,  if  accepted,  left  no  room  for 

rgument. 

But  this  contention  of  the  master  was  most  actively 
disputed,  in  particular  by  Louis  Joseph  Proust,  and  all 
chemists  of  repute  were  obliged  to  take  sides  with  one 
or  the  othen  For  a  time  tlie  authority  of  Berth ollet 
held  out  against  the  facts,  bnt  at  last  accumulated  evi- 
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ilence  told  fur  Proust  and  his  f4>l lowers,  anil  towards  the 
close  of  tlie  first  decade  of  our  century  it  came  to  be 
geneniily  conceiled  that  chemical  elements  combine  with 
one  another  in  Hxed  and  definite  proportions. 

More  than  that.  As  tlie  analysts  were  led  to  weigh 
carefully  the  quantities  of  combining  elements,  it  was 
observed  that  the  proportions  are  not  only  definite,  but 
that  thej  bear  a  very  curious  relation  to  one  another. 
It"  element  A  conibinea  with  two  difr*-*ivnt  proportions  of 
element  B  to  form  two  compounds^  it  appeared  that  the 
weight  of  the  larger  quantity  of  B  is  an  oxu^^t  multiple 
of  that  of  the  smaller  quantity-  This  curious  relation 
was  noticed  by  Dr.  WolUiston,  one  of  the  n»ost  accurate 
of  observers,  and  a  little  later  it  wns  contirmed  by  Jolian 
Jakob  Berzelius,  the  great  Sweilish  chemist,  who  was  to 
be  a  dominatittg  influence  in  the  chemical  world  for  a 
generation  to  come.  Bat  this  combination  of  elements 
in  numerical  pro|>ortion8  was  exactly  what  Palton  hnd 
noticed  as  early  as  ISOii,  ami  what  liitd  led  hitn  directly 
to  the  atomic  weights.  Bo  the  contirmation  of  this 
essential  point  by  chemists  of  BUch  authority  gave  the 
strongest  confirmation  to  the  atomic  theory. 

During  these  same  years  tlie  rising  authority  of  the 
French  chemical  world,  Joseph  Louis  GayJ.ussac,  was 
conducting  experiments  with  gases,  which  he  had  un* 
dertitken  at  first  in  conjunction  witli  Humboldt,  but 
which  later  on  were  condacteil  imlependently.  In  18<t9, 
the  next  year  after  tlie  |iiiblieation  of  the  first  v*»hjme 
at  Dal  ton's  jVtuo  Sf/Mfem  of  Chemical  Phihmtphif,,  Gay- 
Lussac  published  the  results  of  hia  observatiomi,  and 
among  other  things  brought  out  the  remarkable  fact 
that  gases,  under  the  same  condilions  a-i  to  tem(>er{itur0 
and   pressnre,   combine   always   in    ditdnilu   numerical 
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pro|)ortions  as  to  volume.  Exactly  two  volumes  of 
hydrogen,  for  example,  combine  with  one  volume  of 
oxygen  to  form  water  Moreover,  the  resulting  corn* 
pound  giis  always  bears  a  simple  relation  to  the  com- 
bining volumes.     In  the  case  just  cited  tlie  union  of  two 


JOAKI'rr   tntrta  &AV-M7flBAC 


vohimesof  hydrogen  and  one  of  oxygen  results  in  pre- 
cist^ly  two  volumes  of  water  vn|KJn 

Xuturally  ntKJUgh  the  champions  of  the  atomic  theory 
seized  ujwn  these  observations  of  Gay-Lussac  as  lending 
strong  sujiport  to  their  hvpotliesis— all  of  iliHin^  that  is, 
but  tl*e  curiously  selfrt'liant  anil  seU-sullit^ient  author  of 
the  atomio  theory  himself,  who  Ueclinml  to  accept  the 
%  ao7 
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obsemtioos  of  the  French  chemist  as  valid.  Yet  the 
obsenrations  of  Gav-Lussac  were  correct,  as  coantleis 
chemists  since  then  hare  demonstrated  anew,  and  his 
theonr  of  combination  bv  rolames  became  one  of  the 
foundation-stones  of  the  atomic  theory,  despite  the  op- 
position of  the  author  of  that  theory. 

The  true  explanation  of  Gay-Lussac^s  lair  of  combina- 
tion by  volumes  was  thought  out  almost  immediately  by 
an  Italian  savant,  Amadeo  Avogadro,  and  expressed  in 
terms  of  the  atomic  theory.  The  fact  must  be,  said 
Avogadro,  that  under  similar  physical  conditions  every 
form  of  gas  contains  exactly  the  same  number  of  ulti« 
mate  |>articles  in  a  given  volume.  Each  of  these  ulti- 
mate physical  |)articles  may  be  comjiosed  of  two  or  more 
atoms  (as  in  the  case  of  water  vapor),  but  such  a  com- 
pound atom  conducts  itself  as  if  it  were  a  simple  and 
indivisible  atom,  as  regards  the  amount  of  space  that  sep- 
arates it  from  its  fellows  under  given  conditions  of  press- 
ure and  tem|>erature.  The  compound  atom,  composed 
of  two  or  more  elementary  atoms,  Avogadro  proposed 
to  distinguish,  for  pur|>oses  of  convenience,  by  the  name 
molecule.  It  is  to  the  molecule,  considered  as  the 
unit  of  physical  structure,  that  Avogadro's  law  applies. 

This  vastly  important  distinction  between  atoms  and 
molecules,  implied  in  the  law  just  expressed,  was  pub- 
lished in  1811.  Four  years  later,  the  famous  French 
physicist  Ampere  outlined  a  similar  theor\%  and  utilized 
the  law  in  his  mathematical  calculations.  And  with  that 
the  law  of  Avogadro  dropped  out  of  sight  for  a  full  gen- 
eration. Little  suspecting  that  it  was  the  very  key  to 
the  inner  mysteries  of  the  atoms  i^'^rAvhich  they  were 
seeking,  the  chemists  of  the  time  cast  it  aside,  and  let 
it  fade  from  the  memory  of  their  science. 
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This,  however,  was  not  strange,  for  of  course  I  be  law 
of  Avogadro  js  based  on  tlie  atomic  tlieorv.  and  in  ISll 
the  atomic  theory  wiis.  itself  still  b^ing  weigliod  in  the 
balance.  The  lawof  miiUi[>le  [proportions  found  general 
acceptance  as  an  empirical  fact ;  but  many  of  the  leading 
lights  of  chemistry  Estill  looked  askance  at  Dalton's  ex- 
planation of  tills  law.  Thus  WoNasfcou,  though  from 
the  lirsL  be  inclined  toaccpptanceof  tfie  Daltonian  view, 
cautiously  suggesteil  that  it  would  be  well  to  use  the 
non-committal  word  *' equivalent''  inatemi  of  **atom"; 
and  Davy,  for  a  similar  reason,  in  bis  book  of  1812^ 
speaks  only  of  *' proportions/'  binding  himaelf  to  no 
theory  as  to  what  might  be  the  nature  of  these  propor- 
tions. 

At  least  two  great  chemists  of  the  time,  however,  adopt- 
ed the  atomic  view  with  less  reservation.  One  of  these 
^Was  Tbomus  Thomson,  professor  at  Edinburgh,  who  in 
I807  had  given  an  outline  of  Dulton^s  rbf^ory  in  a  widely 
oii-culated  book,  which  iii-st  brought  the  theory  to  the 
general  attention  of  the  chemical  world.  The  other, 
and  even  more  noted  advocate  of  the  atomic  theory, 
was  Johaa  Jakob  Derjjelius.  Tins  great  Swedish  cheni* 
it  at  once  set  to  work  to  put  the  atomic  theory  to  such 
tests  as  migitt  be  applied  iti  the  laboratory.  He  was  an 
analyst  of  the  utmost  skill,  ami  for  years  be  devoted 
bimseU  to  tho  determination  of  the  combining  weights, 
**  equivalents/'  or  '*  pro|)ortinns*'  of  the  different  ele- 
nii^nts.  Tlte«i^  del enni nations,  in  so  far  as  ihey  wore 
accurately  made,  were  siuqilu  expressions  of  empirical 
facts,  independent  of  any  theory ;  but  gradually  it  be- 
came n^ore  aT^d  '.lote  plain  that  tliese  facts  all  bar- 
moTti/.e  with  the  atnmie  theory  of  Dalton.  So  by  coin- 
roon  consent  the  |*roport innate  combining  weights  of 
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the  elements  came  to  be  knoiro  as  atomic  weights — 
the  name  Dalton  liad  given  them  from  the  first — and 
the  tangible  conception  of  the  chemical  atom  as  a  body 
of  definite  constitution  and  weight  gained  steadily  in 
far  or. 

From  the  outset  the  idea  had  had  the  utmost  tangibil- 
ity in  the  mind  of  Dalton.  lie  had  all  along  represented 
the  different  atoms  bv  geometrical  sj'mbols— as  a  circle 
for  oxygen,  a  circle  enclosing  a  dot  for  hydrogen,  and 
the  like — and  had  represented  compounds  by  placing 
these  symbols  of  the  elements  in  juxtaposition.  Berzelius 
prt>posed  to  improve  upon  this  method  by  substituting 
for  tho  giMmetrical  symbol  the  initial  of  the  Latin  name 
of  the  element  repivsenteil— O  for  oxygen,  H  for  hj^- 
dn^gen,  and  so  on  — a  numerical  coeliicient  to  follow 
the  letter  as  an  indication  of  the  number  of  atoms  pres- 
ent in  any  given  com|x>und.  This  simple  system  soon 
gjnneil  gonenil  acceptance,  and  with  slight  modifica- 
tions it  is  still  universiilly  employed.  Every  school- 
Ixn-  now  is  aware  that  IIo<^  is  the  chemical  way  of  ex- 
pn^ssing  the  union  of  two  atoms  of  hydrogen  with  one 
of  o.xygen  to  form  a  molecule  of  water.  But  such  a 
formula  wouKI  have  had  no  meaning  for  the  wisest 
cheniist  before  the  day  of  Beiv.elius. 

The  univei*siil  fame  of  tlie  great  Swedish  authority 
served  to  give  general  currency  to  his  symbols  and 
atomic  weights,  and  the  new  point  of  view  thus  devel- 
ojkhI  IimI  presently  to  two  important  discoveries  which 
removed  the  last  linffering  doubts  as  to  the  validitv 
of  the  atomic  theory.  In  1819  two  French  physicists, 
Dulong  and  Petit,  while  experimenting  with  heat,  dis- 
covered that  the  specific  heats  of  soli<ls  (that  is  to  say, 
the  amount  of  heat  require<l  to  raise  the  temperature  of 
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a  given  mtiss  ton  given  iiHgree)  vary  inversely  as  tljeir 
atomic  weights*  In  tbe  sama  year  Eilhard  Mitscherlich, 
a  German  investigator,  observed  that  compounds  having 
the  same  tnimber  nf  utnnis  to  the  molecule  are  disposed 
to  form  the  same  angles  of  crysUiUizatton — a  pro|>erty 
which  he  called  isomorphism. 


Here,  then,  were  two  utt+jrly  novel  and  tnde|>endent 
sets  of  empirical  facts  which  liarmonixe  strangiOy  with 
ihi*sn|)jH>sitii>ii  tliat  suhstanoesarc  compcjst*d  ofcheniiciil 
atoms  of  a  determinate  weight.  This  surely  could  not 
he  coJricith?nce— it  tells  of  law.  And  so  as  soon  as  tho 
claims  of  Didong  and  Petit  ami  of  Mitsclierhch  hud 
Uyvn  Kiihsvtantiated  by  other  observersj  the  huvs  of  the 
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specific  heat  of  atoms,  and  of  isomorphism,  took  their 
place  as  new  levers  of  chemical  science.  With  the  aid 
of  these  new  tools  an  impregnable  breastwork  of  facts 
was  soon  piled  about  the  atomic  theory.  And  John 
Dalton,  the  author  of  that  theory,  plain,  provincial 
Quaker,  working  on  to  the  end  in  semi-retirement,  be- 
came known  to  all  the  world  and  for  all  time  as  a  mas- 
ter of  masters. 

Ill 

During  those  early  years  of  our  century,  when  Dalton 
was  grinding  away  at  chemical  fact  and  theory  in  his 
obscure  Manchester  laboratory,  another  Englishman  held 
the  attention  of  the  chemical  world  with  a  series  of  the 
most  brilliant  and  wi<lely  heralded  researches.  Hum- 
phry Davy  luul  come  to  London  in  lS()l,at  the  instance 
of  Count  lluinford,  to  assume  the  chair  of  chemical  phi- 
losophy in  the  lloyal  Institution,  which  the  famous 
American  had  just  founded. 

Here,  under  Davy's  direction,  the  largest  voltaic  bat- 
tery yet  constructed  liad  been  put  in  operation,  and  with 
its  aid  the  brilliant  young  experimenter  was  expected  al- 
most to  perform  miracles.  And  indeed  he  scarcel^'^  disajv 
pointed  the  expectation,  for  with  the  aid  of  his  battery 
he  transformed  so  familiar  a  substance  as  common  pot- 
ash into  a  metal  which  was  not  only  so  light  that  it 
floated  on  water,  but  possessed  the  seemingly  mirac- 
ulous property  of  bursting  into  flames  as  soon  as  it 
came  in  contact  with  that  (ire-quenching  licjuid.  H 
this  were  not  a  miracle,  it  had  for  the  popular  eye  all 
the  appearance  of  the  miraculous. 

What  Davy  really  had  done  was  to  decompose  the 
potash,  which  hitherto  had  been  supposed  to  be  elemen- 
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tary,  liberating  its  oxygen,  and  thus  isolatiog  its  metallic 
biise,  which  he  named  puliissium.  Tbe  same  thiDg-  was 
done  with  soda,  and  the  closely  similar  metal  sodium 
was  discoTfli*ed^meta(s  of  a  unique  ty|je,  possessed  of  a 
strange  avidity  for  oxygen,  and  uiipalde  of  seizing  on  it 
even  when  it  is  bound  up  in  the  molecules  of  water 
Considered  as  mere  curiosities,  these  diseoveri«s  were  in- 
teresting, but  aside  from  that  they  were  of  great  theo- 
rietical  imjwrUmce,  because  they  sfiowed  the  compound 
nature  of  some  familiar  chemicals  that  had  been  re- 
gai-ded  as  elements.  Several  other  elementary  earths 
met  the  same  fate  when  subjected  to  the  electrical  in- 
duence,  the  metals  barium,  calcium,  and  strontium  being 
thus  discovered.  Thereafter  Davy  always  referred  to 
the  supposed  elementary  substances  (including  oxygen, 
hydrogen,  and  the  rest)  as  *'undecom pounded"  bodies. 
These  resist  all  present  efforts  to  decompose  them,  but 
how  can  one  know  what  might  not  happen  were  ihey 
subjected  to  an  inttuenee,  perhaps  some  day  to  be  dis- 
covered, wlitcli  exceeds  tlie  battery  in  power  as  the  bat- 
tery exceeds  the  blow- pipe ! 

Another  and  even  more  important  theoretical  result 
that  flowed  from  Davy*8  exi>oriments  during  tlits  first 
decade  of  tfie  century  was  the  proof  that  no  elementary 
substances  other  than  hydrogen  and  oxygen  am  produced 
when  pure  water  is  decompose*!  by  the  electric  current. 
It  was  early  noticed  by  Davy  and  others  that  when  a 
strong  current  is  passed  througli  water,  alkalies  ap|>ear 
at  one  pole  of  tlie  battery  and  acids  at  tlie  otfier,  and 
til  is  though  the  water  used  were  absohjtely  pure.  Tfiis 
seemingly  told  of  tlie  creation  of  eletiioiits— a  transmuta- 
tion but  one  step  remos^ed  from  tlie  creation  of  matter 
itself— under  the  influence  of  the  new  '*foroe."^    It  was 
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one  of  Davy's  greatest  triumphs  to  prove,  in  the  series 
of  experiments  recorded  in  his  famous  Bakerian  lecture 
of  1806,  that  the  alleged  creation  of  elements  did  not 
take  place,  the  substances  found  at  the  poles  of  the  bat- 
tery having  been  dissolved  from  the  walls  of.  the  vessels 
in  which  the  water  experimented  upon  had  been  placed. 
Thus  the  same  implement  which  had  served  to  give  a 
certain  philosophical  warrant  to  the  fading  dreams  of 
alchemy  banished  those  dreams  peremptorily  from  the 
domain  of  present  science. 

Though  the  presence  of  the  alkalies  and  acids  in  the 
water  was  explained,  however,  their  respective  migra- 
tions to  the  negative  and  positive  poles  of  the  battery 
remained  to  be  accounted  for.  Davy's  classical  expla- 
niition  assumed  that  different  elements  differ  among 
themselves  as  to  their  electriciil  properties,  some  being 
positively,  others  iiegatively,  electrified.  Electricity 
and  "chemical  affinity,"  he  said,  apparently  are  mani- 
festations of  the  same  force,  .acting  in  the  one  case  on 
masses,  in  the  other  on  particles.  Electro-positive  par- 
ticles unite  with  electro-negative  particles  to  form  chem- 
ical compounds,  in  virtue  of  the  familiar  principle  that 
opposite  electricities  attract  one  another.  When  com- 
pounds are  decomposed  bv  the  battery,  this  mutual  at- 
traction is  overcome  by  the  stronger  attraction  of  the 
poles  of  the  battery  itself. 

This  theory  of  binary  composition  of  all  chemical 
compounds,  through  the  union  of  electro-prjsitive  and 
electro-negative  atoms  or  molecules,  was  extended  by 
Berzelius,  and  made  the  basis  of  his  famous  system  of 
theoretical  chemistry.  This  theory  held  that  all  inor- 
ganic compounds,  however  complex  their  composition, 
are  essentially  composed  of  such  binary  combinations. 

264 


THE  CENTUUV'S  rilLKniKSS   IN   CUEMLSlliV 

For  iiuiiiy  years  thiH  view  enjoyed  almust  undjisputetl 
Bwny.  U  received  what  seemed  strong  ooiilirtaatioti 
when  Faraday  showed  the  definite  conTiection  between 
the  amount  of  electricity  employed  and  the  amount  of 
decomposition  produced  in  the  so-called  electrolyte, 
But  its  claims  were  really  much  too  cumprebensive,  as 
sutisequent  discoveries  proved. 


IV 

When  Berzeiius  first  promulgated  his  binary  theory 
he  was  careful  to  restrict  its  unmodified  application  to 
the  compounds  of  the  inorganic  world,  iVt  that  time, 
and  for  a  long  time  thereafter,  It  was  supjwsed  that  sub- 
stances of  organic  nature  htid  some  properties  that  kept 
them  aloof  from  the  domain  of  inorganic  chemistry.  It 
was  little  doubled  that  a  so-calted  **  vital  force"  o[>er- 
ated  here,  replacing  m*  modifying  the  action  of  ordinary 
^'cheraical  affinity."  It  was,  indeed,  admitted  that  or- 
ganic compounds  are  composed  of  familiar  elements— 
olitefly  carbon,  oxygen,  hydmgen,  and  nitrogen^bnt 
these  elements  were  supposed  to  be  united  in  ways  that 
could  not  bo  imitated  in  the  domain  of  the  non-living. 
It  was  regarde<l  almost  as  an  axiom  of  chemistry  that 
no  organic  compound  wliatever  could  be  put  together 
from  its  elements— synthesi Sled— in  the  labiratory.  To 
effect  the  synthesis  of  oven  the  simplest  organic  com- 
ptjund  it  was  thought  tliat  the  '*  viial  force*'  must  be  in 
o[K)  ration. 

Tlierefnre  a  veritable  sensation  was  created  in  the 
chemical  worhi  when,  in  the  year  182S,  it  was  an* 
nouiiced  that  the  young  German  chemist  Friedrich 
Wrdder,  formerly  pupil  of  Berzefius,  and  already  known 
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as  a  coming  master^  liad  actually  sjnihe^ized  tbe  well- 
ktiown  organic  prtxluct  urea  in  liis  laboratory  at  Sacrow. 
The  ''  exception  whicli  proves  tbe  rule ''  is  aomi^thiug 
never  heard  of  it)  the  domain  of  logical  science*  Kac^ 
ural  law  kuows  no  exceptions.  So  the  synthesis  of  % 
single  organic  com  pound  sntHced  at  a  blow  to  break 
down  the  cheiuicul  barrier  which  the  iinugitiaiiou  of  the 
fatbei^  of  the  science  had  erected  between  animate  and 
inanimate  nature.  Thenceforth  the  philosophical  ciiem- 
ist  would  regaini  the  plant  and  animal  orgJ<mBins  as 
chemical  laboratories  in  which  conditions  are  (leculiarly 
favorable  for  building  up  complex  compounds  of  a  few 
familiar  elements,  under  the  operation  of  univei^al 
chemical  laws.  The  chimera  ** vital  force"  could  no 
longer  gain  recognition  in  the  domaio  of  chemistry. 

Now  a  wave  nf  interest  in  organic  chemistry  si  wept 
over  the  chemical  world,  and  soon  the  study  of  carl  ion 
com|X)unds  became  as  much  the  fashion  as  electrochem- 
istry had  been  in  the  precetling  generation. 

I-'oremost  among  the  workers  who  rendered  this  epoch 
of  organic  chemistry  memorable  were  Justus  Liebig  int] 
Germany  and  Jean  Baptiste  Andr^  Dnmas  in  France, 
and  their  respectiv^e  pupils,  Charles  Frederic  Gerhard t 
and  Augustus  Laurent.  Widiler,  too,  must  be  named  in 
the  same  breath,  as  also  must  Louis  Pasteur,  who, 
though  somewhat  younger  than  the  others,  came  upon 
the  scene  in  time  to  take  chief  part  jn  the  most  im|ior- 
tjint  of  the  controversies  that  grew  out  of  their  Iali*>rs. 

Several  years  earlier  than  this  the  way  had  been 
paved  for  tlie  study  of  orcanic  snbstance&f  by  Griy-Lus- 
sac's  disco vm%  made  in  1815.  that  a  certain  eom|)nnnd 
of  carbon  and  nitrogen*  which  he  namefl  cyanogen,  has 
a  peculiar  degree  of  stabilitv  which  enablea  it  to  retain 


TUE   CENTUKYS   PUOUUES.S    IN   CHEMISTKY 

its  identity  J  and  enter  into  chemical  relations  after  the 
manner  of  a  simple  body.  A  year  later  Ampere  discov- 
ered tliat  nitrogen  and  hydrogen,  when  combined  in  cer- 
tiiin  proportions  to  form   what  he  culled  ammonium 


have  the  same  property:  Berxelius  hud  seized  upon  this 
discovery  of  the  compound  radical,  aa  it  was  catled,  be- 
cause it  seemcnl  to  lend  aid  to  his  dualistic  theory.  He 
conceivtMl  the  idea  thnt  nil  organic  eom|x»niida  are  bi- 
nnry  unions  of  various  compound  radicals  with  an  atom 
of  oxygen,  announcing  this  theory  in  1818,     Ten  years 
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later,  Liebig  and  Wohler  undertook  a  joint  investigation 
which  resulted  in  proving  that  compound  radicals  are 
indeed  very  abundant  among  organic  substances.  Thus 
the  theory  of  Beraelius  seemed  to  be  substantiated,  and 
organic  chemistry  came  to  be  defined  as  the  chemistry 
of  compound  radicals. 

But  even  in  the  day  of  its  seeming  triumph  the  dual- 
istic  theory  was  destined  to  receive  a  rude  shock.  This 
came  about  through  the  investigations  of  Dumas,  who 
proved  that  in  a  certain  organic  substance  an  atom  of 
hydrogen  may  be  removed,  and  an  atom  of  chlorine 
substituted  in  its  place  without  destroying  the  integrity 
of  the  original  compound — much  as  a  child  might  sub- 
stitute one  block  for  another  in  its  play-house.  Such  a 
substitution  would  be  quite  consistent  with  the  dualistic 
theory,  were  it  not  for  the  very  essential  fact  that  hy- 
drogen is  a  powerfully  electro-positive  element,  while 
chlorine  is  as  strongly  electro-negative.  Hence  the 
compound  radical  w^hich  united  successively  with  these 
two  elements  must  itself  be  at  one  time  electro-positive, 
at  another  electro-negative — a  seeming  inconsistency 
which  threw  the  entire  13erzelian  theory  into  disfavor. 

In  its  place  tliere  was  elaborated,  chiefly  through  the 
efforts  of  Laurent  and  Gerliardt,  a  conception  of  the 
molecule  as  a  unitary  structure,  built  up  through  tiie 
aggregation  of  various  atoms,  in  accordance  with  '*  elec- 
tive affinities"  whose  nature  is  not  yet  understood.  A 
doctrine  of  "  nuclei "  and  a  doctrine  of  '*  types"  of  molec- 
ular structure  were  much  exploited,  and,  like  the  doc- 
trine of  compound  radicals,  became  useful  as  aids  to 
memory  and  guides  for  the  analyst,  indicating  some  of 
the  plans  of  molecular  construction,  though  by  no  means 
penetrating  the  mysteries  of  chemical  affinity.     They 
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are  classiti  cat  ions  mther  than  explanations  of  clieiaiual 
unions.  But  at  least  tljey  served  an  important  purpose 
in  giving  ileliniteness  to  the  idea  of  a  molecular  struct- 
ure built  of  atoms  as  tlie  basis  of  all  substances.  Now 
at  last  the  word  molecule  came  to  liave  a  distinct  mean- 
ing, as  distinct  from  ^*atom,"  in  the  minds  of  the  gener- 
litj  of  chemists,  as  it  hud  iiad  for  Avogadro  a  third  of 
century  belore.  Avogadro's  hypotiiesis  that  tliere  are 
efjual  numbers  of  these  molecules  in  eipial  volumes  of 
gases*  untler  fixed  conditions,  was  revived  by  Gerhardt, 
and  a  bltle  later^  under  the  championship  of  OanniKKaro, 
was  exalted  to  the  plane  of  a  iixed  law.  Thenceforth 
the  conception  of  the  molecule  was  to  be  as  dominant  a 
thought  in  chemistry  as  the  idea  of  the  atom  had  be- 
come in  a  previous  epoch. 


Of  course  the  atom  itself  was  in  no  sense  displaced^ 

but  Avogadro's  law  soon  made  it  plain  that  the  atom  had 
often  usur|KHl  territory  that  did  not  really  belong  to  it. 
In  many  cases  the  citemists  had  supposed  themselves 
dealing  with  atoms  as  units  where  the  true  unit  was  the 
molecule.  In  tlie  case  of  elementary  gases,  such  as  hy- 
drogen and  oxygen,  for  exarnfjle,  the  law  of  equal  num- 
bers of  molecules  in  equal  spaces  made  it  clear  that  the 
atoms  do  not  exist  isolated,  ;is  had  been  supposed^  Since 
two  volumes  of  hydrogen  unite  with  one  volutne  of  oxy- 
gen to  form  two  volumes  of  water  vapor,  the  sinqilest 
mathematics  shows^  in  the  light  of  Avogadro'g  law,  not 
only  that  each  molecule  of  water  must  contain  two  hy- 
drogen atoms  (a  point  previously  in  dispute),  but  that 
the  original  molecules  of  hydr*igen  and  oxygon  must 
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have  been  composed  in  each  case  of  two  atoms  —  else 
hoir  could  one  volnme  of  oxygen  supply  an  atom  for 
every  molecule  of  two  volumes  of  water? 

What,  then,  does  this  imply?  Why,  that  the  ele- 
mentary atom  has  an  avidity  for  other  atoms,  a  long- 
ing for  companionship,  an  "  affinity  "—call  it  what  you 
will — which  is  bound  to  be  satisded  if  other  atoms  are 
in  the  neighborhood.  Placed  solely  among  atoms  of 
its  own  kind,  the  oxygen  atom  seizes  on  a  fellow  oxy- 
gen atom,  and  in  all  their  mad  dancings  these  two 
mates  cling  together— possibly  revolving  about  one  an- 
other in  miniature  planetary  orbits.  Precisely  the  same 
thing  occurs  among  the  hydrogen  atoms.  But  now 
suppose  the  various  pairs  of  oxygen  atoms  come  near 
other  pairs  of  hydrogen  atoms  (under  proper  conditions 
whicli  need  not  detain  us  here),  then  each  oxygen  atom 
loses  its  attachment  for  its  fellow,  and  flings  itself  madly 
into  the  circuit  of  one  of  the  hydrogen  couplets,  and — 
presto ! — there  are  only  two  molecules  for  every  three 
thore  were  before,  and  free  oxygen  and  hydrogen  have 
become  water.  The  whole  process,  stated  in  chemical 
phraseology,  is  summed  up  in  the  statement  that  under 
the  given  conditions  the  oxygen  atoms  had  a  greater 
affinity  for  the  hydrogen  atoms  than  for  one  another. 

As  chemists  studied  the  actions  of  various  kinds  of 
atoms,  in  regard  to  their  unions  with  one  another  to 
form  molecules,  it  gradually  dawned  upon  them  that 
not  nil  elements  are  satisfied  with  the  same  number  of 
companions.  Some  elements  ask  only  one,  and  refuse 
to  take  more;  while  others  link  themselves,  when  occa- 
sion offers,  with  two,  three,  four,  or  more.  Thus  we 
saw  that  oxygen  forsook  a  single  atom  of  its  own  kind 
and  linked  itself  with  two  atoms  of  hydrogen.    Clearly, 
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then,  the  oxygen  atom,  like  a  creature  with  two  hands, 
is  able  to  clutch  two  other  atoms.  But  we  have  no 
proof  that  under  anj  ct re u instances  it  could  hold  more 
than  two.  Its  aJfinities  seetn  satis  tied  when  it  lias  two 
bonds.  But,  on  the  other  hand,  tlie  atom  of  nitrogen 
is  able  to  hold  three  atoms  of  hydrogen,  and  does  so  in 
the  molecule  of  ammonium  (NH3);  while  the  carbon 
atom  can  hold  four  atoms  of  hydrogen  or  two  atoms 
of  oxygen, 

Evidently,  then,  one  atom  is  not  always  equivalent  to 
another  atom  of  a  diiferent  kind  in  combining  powers. 
A  recognition  of  tliis  fact  by  Fiuiikland  about  1852,  and 
its  further  investigation  by  others  (notably  A,  Kekule 
and  A,  S,  Co«i>er),  led  to  the  introduction  of  the  word 
ajuivalent  into  chemical  terminology  in  a  new  sense^ 
and  in  particular  to  an  understanding  of  the  affinities 
or  "valency"  of  different  elements,  which  proved  of  tlie 
most  fundamental  importance.  Thus  it  was  shown  that, 
of  the  four  elements  that  enter  most  prominently  into 
organic  com|XJunds,  hydrogen  can  link  itself  with  only 
a  single  bond  to  any  other  element— it  has,  so  to  speak, 
but  a  single  hand  with  w^hich  to  grasp — while  oxygen 
has  eaimcity  for  two  bonds,  nitrogen  for  three  (possi* 
bly  for  ^ve),  and  carbon  for  four.  The  words  mono- 
valent, divalent,  trivalent,  tretravalent,  etc.,  w*ere  coined 
to  express  this  most  important  fact,  ami  tlie  various  ele- 
ments came  to  be  known  as  monads,  diads,  triads,  etc. 
Just  why  different  elements  should  differ  thus*  in  valency 
no  one  as  yet  knows ;  it  is  an  empirical  fact  that  they 
do,  And  once  the  nature  of  any  element  has  lieen  deter- 
mined  as  regj^rds  its  valency,  a  most  important  insight 
into  the  p<»ssible  behavior  of  that  element  has  been 
secured.     Thus  a  consideration  of  the  fact  that  hydro- 
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gen  is  monovalent,  while  oxygen  is  divalent,  makes  it 
plain  that  we  must  expect  to  Und  no  more  than  three 
compounds  of  these  two  elements,  namely,  H — O— 
(written  HO  by  the  chemist,  and  called  hydroxyl); 
H~0— H  (HjO,  or  water),  and  H— O— 0~H  (H.Oa, 
or  hydrogen  peroxide).  It  will  be  observed  that  in  the 
first  of  tliese  compounds  the  atom  of  oxygen  stands,  so 
to  speak,  with  one  of  its  hands  free,  eagerly  reaching 
out,  therefore,  for  another  companion,  and  hence,  in  the 
language  of  chemistry,  forming  an  unstable  compound. 
Again,  in  the  third  compound,  though  all  hands  are 
clasped,  yet  one  pair  links  oxygen  with  oxygen ;  and 
this  also  must  be  an  unstable  union,  since  the  avidity  of 
an  atom  for  its  own  kind  is  relatively  weak.  Thus  the 
well-known  properties  of  hydrogen  peroxide  are  ex- 
phiinetl,  its  easy  decomposition,  and  the  eagerness  with 
which  it  seizes  upon  tiie  elements  of  other  compounds. 

But  the  molecule  of  water,  on  the  other  hand,  has  its 
atoms  arranged  in  a  state  of  stable  equilibrium,  all  their 
affinities  being  satisfied.  Each  hydrogen  atom  has  sat- 
isfied its  own  affinity  by  clutching  the  oxygen  atom ; 
and  the  oxygen  atom  has  both  its  bonds  satisfied  by 
clutching  back  at  the  two  hydrogen  atoms.  Therefore 
the  trio,  linked  in  this  close  bond,  have  no  tendency  to 
reach  out  for  any  other  companion,  nor,  indeed,  any 
power  to  hold  another  should  it  thrust  itself  upon  them. 
They  form  a  *•*  stable  "  compound,  which  under  all  ordi- 
nary circumstances  will  retain  its  identity  as  a  molecule 
of  water,  even  though  the  physical  mass  of  which  it  is 
a  part  changes  its  condition  from  a  solid  to  a  gas— from 
ice  to  vapor. 

But  a  consideration  of  this  condition  of  stable  equi- 
librium in  the  molecule  at  once  suggests  a  new  question  : 
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Plow  can  an  aggregation  of  atoms,  having  all  their 
affinities  satisfied,  take  any  further  part  in  chemical 
reactions^  fcseeminglj^  such  a  molecule,  wiiatever  its 
physical  pruperties,  must  be  cheniiciilly  inert,  incapahle 
of  any  attjraic  reailjustnients.  And  so  in  point  of  fact 
it  is,  80  long  as  its  component  atoms  cling  to  one  another 
unremittingly.  Rut  this,  it  appeal's,  is  ptvcisely  what  the 
atoms  a  CO  little  prone  to  do.  It  seems  that  they  are 
liekle  to  the  last  dt^gree  in  their  individual  attachments, 
and  are  as  prone  to  break  away  from  bondage  as  tliey  are 
to  enter  into  it.  Thus  the  oxygen  atom  winch  has  just 
rtung.  itself  into  the  circuit  of  two  hydr«^»geri  atoms,  the 
next  moment  flings  itself  free  iigiiin  and  seeks  new  com- 
panions. It  is  for  all  the  worhl  like  the  incessant  change 
uf  partners  in  a  ndlicking  dance. 

Tliis  incessant  dissolution  and  reformation  of  molecules 
in  a  substance  wliicli  as  a  whole  renmins  appareiitly  un- 
changed was  first  fully  appreciated  by  8te.*Cljiire  Ueville, 
and  by  him  named  diss*X'iation.  It  is  a  process  whicli 
goes  on  much  more  actively  in  sotne  compounds  than  in 
others,  and  very  much  more  actively  untter  some  physi- 
cal conditions  (such  as  increase  of  temperature)  than  un- 
der other.s,  liut  apparently  no  substances  at  ordinary 
tern pe rid, ur**s,  and  no  temperature  above  the  absolute 
aero,  are  absoluloly  free  from  its  disturbing  influence* 
Hence  it  is  that  molecules  having  all  the  valency  of 
their  atoms  fully  sfUisfied  do  not  lose  their  chemical 
activity— since  enclv  atom  is  momentarily  free  in  the 
flxchange  of  partneis*  an*l  may  i^eiKc  upon  different 
atoms  from  its  former  partner,  if  those  it  prefers  are 
at  liiind. 

Willie,   lunvever,   an    appreciation    of    this  ceaseless 
activity  of  the  atom  is  essential  to  a  pro|)cr  understand- 
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ing  of  its  chemicat  efficiency,  yet  from  anotber  f>osnt 
view  tlie  "saturaleti  *■  molecule— tliat  is,  the  moleci 
whose  atoms  have  their  valency  all  satisfied— may  be 
thought  of  as  a  relatively  fixwl   or  stable  orgjuiism, 
Even  though  it  may  presently  l)e  torn  down,  it  is  fi 
the  time  being  a  completed  structure;  and  a  considi 
tion  of  tlie  valency  of  its  atoms  gives  the  best  clew  that" 
has  hitherto  been  obtainable  m  to  the  cliaracter  of 
a  re  h  i  t  ect  u  re.     Ho  w  i  m  p  or  tan  1 1  h  is  ma  t  te  r  o  f  arch  i  tec  U 
of  the  mofecule — of  space  relations  of  the  atoms— raj 
be  was  demonstrated  as  long  ago  as  1S23,  when  Lie  big; 
Wuhler  proved,  to  the  utter  bewilderment  of  the  chef 
ical  world,  that  two  substances  may  have  precisely 
same  chemical  constitution — the  same  number  and  kirn 
of  atoms— and  yet  differ  utterly  in  physical  properties. 
The  word  isomerism  was  coined  by  Berzelius  to  express 
this  anomalous  condition  of  tilings,  which  seemed 
negative  the  most   fiindnmental    truths  of  cbemisti 
Naming  tlje  condition  by  no  means  oxplainetl  it,  bufc^ 
the  fact   was  made  clear  that  something  beside 
mere  number  and  kind  of   atoms  is  inipinlnnt  in  tli?" 
architecture  of  a  molecule.      It    became  certain    that 
atoms  are  not  thrown  together  haphazanl  to  build  ^ 
molecule,  any  more  than   bricks  are  thrown  togetl 
at  nmdom  to  form  a  house* 

How  delicate  may  be  the  gradations  of  architectui 
design  in  building  a  molecule  was  well  ilUiatrate*!  about 
1850,  when  Pasteur  discovered  that  some  carbon  coj 
pounds — as  certain  sugars— can  only  be  distinguish^ 
from  one  another,  when  in  solution,  by  the  fact  of  tfai 
twisting  or  polarizing  a  ray  of  light  to  the  left  or  to 
the  right,  resj>ectively.  But  no  inkling  of  an  explana- 
tion of  tiiese  strange  variations  of  molecular  structure^ 
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caiue  until  the  discovery  of  tlie  law  of  valency.  Then 
much  of  the  mystery  was  cleared  away;  for  it  was 
plain  that  since  each  atom  in  a  molecule  can  hold  to 
itself  oTily  a  lixed  number  of  other  atoms,  complex 
molecules  must  have  their  atoms  linked  in  definite 
chains  or  groups.  And  it  is  e(|ualty  plain  that  where 
the  atoms  are  numerous,  the  exact  plan  of  grouping 
may  sometimes  be  susceptible  of  change  without  doing 
violence  to  the  law  of  valenc}".  It  is  in  such  cases  that 
isomerism  is  observed  to  occur. 

By  paying  constant  heed  to  this  matter  of  the  affini- 
ties, chemists  are  able  to  make  diagrammatic  pictures  of 
the  plan  of  architecture  of  any  molecule  whose  com- 
position is  known.  In  the  simple  molecule  of  water 
(IlgO),  for  ejiample,  the  two  hydrogen  atoms  must  have 
released  one  another  before  they  could  join  the  oxygen, 
and  the  nianner  of  Sinking  must  apparently  be  that  ref>- 
resented  in  the  graphic  formula  11 — O — 11.  With  mole- 
cules cttui  posed  of  a  large  numberfjf  at<aus»  such  grapfiic 
representation  of  the  scheme  of  linking  is  of  course  in- 
creasingly difficult,  yet,  witli  the  affinities  for  a  guide,  it 
is  always  possible.  Of  course  no  one  sup|xjses  that  such 
a  formula,  written  in  a  single  plane,  can  possibly  repre- 
sent the  true  architecture  of  the  molecule;  it  ts  at  best 
suggestive  or  diagrammatic  rather  than  |>ictoriaL  Never- 
theless»  it  aifords  hints  as  to  the  structure  of  the  mole- 
cule such  !i8  the  fatliers  of  chemistry  would  not  have 
thought  it  jiossible  ever  to  attain. 


These  utterly  novel  studies  of  molecular  architecture 
may  seem  at  (irst  sight  to  take  from  the  alom  much  of 
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its  former  prestige  as  the  alMmportant  personage  of  the 
obemical  world.  Since  so  mnoh  depends  upon  the  mere 
position  of  the  atoms,  it  may  appear  that  comparatively 
little  depends  upon  the  nature  of  the  atoms  themselves. 
But  such  a  view  is  incorrect,  for  on  closer  consideration 
it  will  appear  that  at  no  time  has  the  atom  been  seen  to 
renounce  its  peculiar  personality.  Within  certain  limits 
the  character  of  a  molecule  may  be  altered  by  changing 
the  positions  of  its  atoms  (just  as  different  buildings  may 
be  constructed  of  the  same  bricks),  but  these  limits  are 
sharply  defined,  and  it  would  be  as  impossible  to  exceed 
them  as  it  would  be  to  build  a  stone  building  with  bricks. 
From  first  to  last  the  brick  remains  a  brick,  whatever 
the  style  of  architecture  it  helps  to  construct;  it  never 
becomes  a  stone.  And  just  as  closely  does  each  atom 
retain  its  own  peculiar  [)r()perties,  regardless  of  its  sur- 
roundings. 

Thus,  for  exam|)le,  the  carl)on  atom  may  take  part  in 
the  formation  at  one  time  of  a  diamond,  again  of  a  piece 
of  coal,  and  yet  again  of  a  particle  of  sugar,  of  woo<l 
fibre,  of  animal  tissue,  or  of  a  gjis  in  the  atmosphere; 
but  from  firet  to  last — from  glass-cutting  gem  to  in- 
tangible g«as— there  is  no  demonstrable  change  whatever 
in  any  single  pro|>erty  of  the  atom  itself.  So  far  as  we 
know,  its  size,  its  weight,  its  capacity  for  vibration  or 
I'otation,  and  its  inherent  affinities,  remain  absolutely 
unchanged  throughout  all  these  varying  fortunes  of  po- 
sition and  association.  And  the  same  thing  is  true  of 
every  atom  of  all  of  the  sixty-odd  elementary  substances 
with  which  the  modern  chemist  is  acquainted.  Every 
one  appears  always  to  maintain  its  unique  integrity, 
gaining  nothing  and  losing  nothing. 

All  this  being  true,  it  would  seem  as  if  the  position  of 
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ibe  DaUonian  atom  as  a  priinordial  bit  of  matter^  ind©- 
gtructible  arnl  non-transmutable,  had  been  put  to  the 
test  by  the  chemistry  of  our  century,  and  not  found 
wanting.  Since  those  early  days  of  the  century  when 
the  electric  battery  performed  its  miracles  and  seeming- 
ly renched  its  limitations  in  the  hands  of  Davy^  many 


nuULUT  WILLIAM  UUNSKN 


now  elementary  snbstfinfes  linve  been  discovered,  but  no 
single  dement  has  be*Mi  ilis|>laced  from  its  position  aaan 
uudecoiuposable  body.     Etulier  have  the  analyses  of  the 
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chemist  seemed  to  make  it  more  and  more  certain  that 
all  elementary  atoms  are  in  truth  what  John  Herschel 
called  them,  ''manufactured  articles"  —  primordial, 
changeless,  indestructible. 

And  yet,  oddly  enough,  it  has  chanced  that  hand  in 
hand  with  the  experiments  leading  to  such  a  goal  have 
gone  other  experiments  and  speculations  of  exactly  the 
opposite  ten(^r.  In  each  generation  there  have  been 
chemists  among  the  leadei"s  of  their  science  who  have 
refused  to  admit  that  the  so-called  elements  are  really 
elements  at  all  in  any  final  sense,  and  who  have  sought 
eagerly  for  [)roof  which  might  warrant  their  scepticism. 
The  first  bit  of  evidence  tending  to  support  this  view 
was  rurnislioil  by  an  English  physician.  Dr.  William 
Prout,  who  in  1>)15  called  attention  to  a  curious  relation 
to  be  obs(?rvc'(l  between  the  atomic  weight  of  the  vari- 
ous elements.  Accepting  the  figures  given  by  the  au- 
thorities of  the  time  (notably  Thomson  and  Berzelius),  it 
nppeared  tluit  a  strikingly  large  proportion  of  the 
atomic  weights  were  exact  multiples  of  the  weight  of 
hydrogen,  and  that  others  dilfered  so  slightly  that  errors 
of  observation  might  (jxplain  the  discrepjiney.  Prout 
felt  that  this  could  not  be  aecidt^ntal,  and  he  could  think 
of  no  tenable  explanation,  unless  it  \n)  thj»t  the  atoms  of 
the  various  alleged  elements  are  made  up  of  different 
fixed  numbers  of  hydrogen  atoms.  Could  it  be  that  the 
one  true  element — the  one  ])riinal  matter — is  hydrogen, 
and  that  all  other  forms  of  matter  are  but  compounds 
of  this  original  substance? 

Prout  advanced  this  startling  idea  at  first  tentatively, 
in  an  anonymous  publicaticm ;  but  afterwards  he  espoused 
it  o|)enly  and  urged  its  tenability.  Coming  just  after 
Davy's  dissociation  of  some  supposed  elements,  the  idea 
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proved  alluring,  and  for  a  time  gained  such  popularity 
iliat  chemists  were  disposed  to  round  out  the  observed 
uluinic   weights  of  all  elements  into  whole   numbers. 


But  presently  renewed  lietertninaUons  of  tlie  atomic 
weiglits  seemed  to  discoiinteMJinet*  Miis  practice,  and 
Front's  alleged  law  fell  into  disrepute.  It  was  revived, 
however,  about  1810,  by  Dumas,  whose  great  authority 
secun^d  it  a  respeotfyl  heann<>,  anil  wIiosb  careful  rede- 
termination of  the  weiglit  of  carbon,  nuikin^  it  exactly 
twelve  times  that  of  hydrogen,  aided  the  causa* 
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Subsequently  Stas,  the  pupil  of  Dumas,  undertook  a 
long  series  of  determinations  of  atomic  weights,  with 
the  expectation  of  confirming  the  Proutian  hypothesis. 
But  bis  results  seemed  to  disprove  the  hypothesis,  for 
the  atomic  weights  of  many  elements  differed  from 
whole  numbers  by  more,  it  was  thought,  than  the  limits 
of  error  of  the  ex()eriraents.  It  is  noteworthy,  however, 
that  the  confidence  of  Dumas  was  not  shaken,  though 
be  was  led  to  modify  the  hypothesis,  and,  in  accordance 
with  previous  suggestions  of  Clark  and  of  Marignao,  to 
recognize  as  the  primordial  element,  not  hydrogen  it- 
self, but  an  atom  half  the  weight,  or  even  one-foarth 
the  weight,  of  that  of  hydrogen,  of  which  primordial 
atom  the  hydrogen  atom  itself  is  compounded.  But 
even  in  this  modified  form  the  hypothesis  found  great 
opposition  from  exi)eriinental  observers. 

In  1864,  however,  a  novel  relation  between  the 
weights  of  the  elements  and  their  other  characteristics 
was  willed  to  the  attention  of  chemists  by  Professor 
John  A.  li.  Newlands,  of  London,  who  had  noticed  that 
if  the  elements  are  arranged  serially  in  the  numerical 
order  of  their  atomic  weights,  there  is  a  curious  recur- 
rence of  similar  properties  at  intervals  of  eight  elements. 
This  so-called  "law  of  octaves"  attracted  little  immedi- 
ate attention,  but  the  facts  it  connotes  soon  came  under 
the  observation  of  other  chemists,  notably  of  Professors 
Gustav  Hinrichs  in  America,  Dmitri  Mendeleeff  in  Rus- 
sia, and  Lothar  Meyer  in  Germany.  Mendeleeff  gave 
the  discovery  fullest  expression,  expositing  it  in  18(59, 
under  the  title  of  "  periodic  law." 

Though  this  early  exposition  of  what  has  since  been 
admitted  to  l>e  a  most  important  discovery  was  very 
fully  outlined,  the  generality  of  chemists  gave  it  little 
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heed  till  a  deeado  or  so  later,  when  three  new  oleiiients, 
lIIiuiHj  scuiidium,  and  gerraaaiuin,  were  disco\^ered, 
which,  on  being  aiuilyzBd,  wore  quite  unexpectedly 
found  to  fit  into  three  gaps  which  Mendeleelf  had  left 
in  his  periotiic  scale.  la  effeet,  the  periodic  law  had  en- 
abled MendelyeiT  to  predicate  the  existence  of  the  new 
eleiuents  years  before  tliey  were  discovered.  Surely  a 
system  that  leads  to  such  results  is  no  mere  vagary.  So 
very  soon  the  periodic  law  took  its  place  as  one  of  the 
most  imp4>rtaat  generalizations  of  cheniical  science. 

This  law  of  periodicity  was  put  forward  as  un  expres- 
sion  of  observed  relations  mdependent  of  hy[)othesis; 
but  of  coui'se  the  theoretical  Ijearings  of  these  facts 
CDuld  n(»t  ha  overlooked.  As  Professor  J,  11.  Gladstone 
ijas  said,  it  forces  upon  us  "  the  conviction  that  the  ele- 
ments are  not  separate  boilies  created  without  reference 
to  one  another,  but  that  they  have  been  originally  fash- 
ioned, or  have  been  built  up,  from  one  anotlier,  accord- 
ing to  some  general  plan."  It  is  but  a  short  step  from 
that  pro|>osition  to  the  Front ian  hypothesis. 

But  the  atomic  weights  are  not  alone  in  suggesting 
the  cotn pound  nature  of  the  allege^l  elements.  Evi- 
dence of  a  totally  different  kind  has  contributed  to  the 
same  end,  from  a  source  that  could  hardly  have  been 
imagined  when  the  Proutian  hypothesis  was  formulated, 
through  the  addition  of  a  novel  weapon  to  the  arma- 
mentarium of  ttie  chemist— the  spectroscope.  The  per- 
fection of  this  instrument*  in  the  hands  of  two  German 
scientists,  Gustav  Kobert  KirchhoflT  and  Robert  Wilhelm 
Bunsen,  came  about  through  the  investigation,  towards 
the  mirhUe  of  the  century,  of  the  meaning  of  the  dark 
lines  which  ha«l  been  observed  in  the  solar  spectrum  by 
Fraunhofer  as  early  as  1815.  and  by  Wollaston  a  decade 
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earlier.  It  was  suspected  by  Stokes  and  by  Fox  Talbot 
in  England,  but  first  brought  to  demonstration  by  Kirch- 
boff  and  Bunsen,  that  these  Lines,  which  were  known  to 
occupy  definite  positions  in  the  speotmin,  are  really  in- 
dicative of  particular  elementary  substances.  By  means 
of  the  spectroscope,  which  is  essentially  a  magnifying 
lens  attached  to  a  prism  of  glass,  it  is  possible  to  locate 
the  lines  with  great  accuracy,  and  it  was  soon  shown 
that  here  was  a  new  means  of  chemical  analysis  of  the 
most  exquisite  delicacy.  It  was  found,  for  example, 
that  the  spectrosco|>e  could  detect  the  presence  of  a 
quantity  of  sodium  so  infinitesimal  as  the  one  two- 
hundred-thousandth  of  a  grain.  But  what  was  even  more 
important,  the  spectroscope  put  no  limit  upon  the  dis- 
tance of  locution  of  the  substance  it  tested,  provided 
only  that  sutticient  light  came  from  it.  The  experi- 
ments it  recorded  niiglit  be  performed  in  the  sun,  or  in 
the  most  distant  stars  or  nebulae;  indeed, one  of  the 
earliest  feats  of  the  instrument  was  to  wrench  from  the 
sun  the  secret  of  his  chemical  constitution. 

To  render  the  utility  of  the  spectroscope  complete, 
however,  it  was  necessary  to  link  with  it  another  new 
chemical  agency,  namely,  photography.  This  now  fa- 
miliar process  is  based  on  the  property  of  light  to  de- 
compose certain  unstable  compounds  of  silver,  and  thus 
alter  their  chemical  composition.  We  have  seen  that 
Davy  and  Wedgwood  barely  escaped  the  discovery  of 
the  value  of  the  photograpiiic  method.  Their  successore 
quite  overlooked  it  until  about  1S26,  when  Louis  J.  M. 
Daguerre,  the  French  chemist,  took  the  matter  in  hand, 
and  after  many  years  of  experimentation  brought  it  to 
relative  |>erfection  in  1830,  in  which  year  the  famous 
daguerreotype  first  brought  the  matter  to  popular  at- 
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tention.  In  the  same  year  Mr.  Fox  Talbot  read  a  pa|ier 
on  the  subject  before  the  Royal  Society,  and  soon  after, 
wanls  ttie  efforts  of  Herschel  and  numerotis  other  tijUu- 
ml  philosophers  contributed  to  the  advauceinent  of  the 
iiew  method. 


JOHN   W.   DKAPEIt 


In  1^+3  Dr,  -Tohn  W.  Jlrnper,  the  famous  EngHsh- 
Auiericun  chotiust  nnd  [)liysiologist,  showed  tluit  by 
photography  the  Frauriliofei*  lines  in  tlie  snhir  s|tectriim 
might  be  map|>ed  witli  absobite  accuracy;  also  proving 
that  the  silvertnl  lihn  revealed  niriny  lines  invisible  to 
the  unntded  eye.  Tho  Valtie  of  tlds  nii^thod  of  observ^a- 
tion  was  recognized  at  one*?,  and*  as  soon  as  tho  spectro- 
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•cope  wag  perfected,  the  photographic  method,  in  oon- 
junction  with  its  use,  became  invaluable  to  the  chemist. 
By  this  means  comparisons  of  spectra  maj  be  made 
with  a  degree  of  accuracy  not  otherwise  obtainable; 
and  in  case  of  the  stars,  whole  clusters  of  spectra  may 
be  placed  on  record  at  a  single  observation. 

As  the  examination  of  the  sun  and  stars  proceeded, 
ch<Muists  were  amazed  or  delighted,  according  to  their 
various  prea>nceptions.  to  witness  the  proof  that  many 
familiar  terrestrial  elements  are  to  be  found  in  the  oe- 
lifHtial  IhhIkm.  But  what  perhaps  surprised  them  most 
wuH  Uf  o(>serve  the  enormous  preponderance  in  the  si- 
difnil  \}*H\'uiH  of  the  element  hydrogen.  Xot  only  are 
th(;r()  viiHt  (jiiantities  of  tins  element  in  the  sun*s  atmos- 
|)li(!n?,  but  wmui  oilier  suns  api>eared  to  show  ii^'drogen 
\'\\u*H  almost  <;xcliisively  in  tlieir  spectra.  Presently  it 
ti|)|M;anHl  that  tlie  stai-s  of  which  this  is  true  are  those 
wliiu?  Hlars,  Hucli  as  Sirius,  which  had  been  conjectured 
Ut  \m  th<!  hottest;  whereas  stars  that  are  onl\' red-hot, 
lil««  our  Hun,  show  also  the  vapors  of  man\'  other  ele- 
tiients,  inchjdin<j;  iron  and  other  metals. 

In  IH7h  Mr.  ,J.  Norman  T»ckyer,  in  a  paper  before 
tlm  Royal  Socicjty,  called  attention  to  the  possible  sig- 
nillcan(!n  of  this  8eri(!s  of  observations.  lie  urffed  that 
th(»  fact  of  tlui  Hun  showing  fewer  elements  than  are  ob- 
NerviMJ  JMjre  on  the  cool  earth,  while  stars  much  hotter 
than  the  Him  show  chiefly  one  element,  and  that  one 
liydro^(^n,  the  lightest  of  known  elements,  seemed  to  give 
color  to  the  ]>o88ibility  that  our  alleged  elements  are 
really  com|M)unds,  which  at  the  tempeniture  of  the  hot- 
ti'Mt  Hl^iiu  may  l)e  decom]K)sed  into  hydrogen,  the  latter 
*•  element "  itself  being  also  doubtless  a  compound,  which 
might  bo  r(»solved  under  yet  more  trying  conditions. 
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Here,  then,  was  what  might  be  termed  direct  experi- 
mental evidence  for  the  hypothesis  of  Prout.  Unfortu- 
nately, however,  it  is  evidence  of  a  kind  wiiich  only  a 
few  experts  are  competent  to  discuss — so  very  delicate  a 
matter  is  the  spectral  analysis  of  the  stars.  What  is 
still  more  unfortunate,  the  experts  do  not  agree  among 
themselves  as  to  the  validity  of  Mr.  Lockyer's  conchi- 
sions.  Some,  like  Professor  Crookes,  have  accept(;(l 
them  with  acclaim,  hailing  Lockyer  as  "the  Darwin  of 
the  inorganic  world,"  while  others  have  sought  a  differ- 
ent explanation  of  the  facts  he  brings  forward.  As  yet 
it  cannot  be  said  that  the  controversy  has  been  brought 
to  final  settlement.  Still,  it  is  hardly  to  be  doubted 
that  now,  since  the  periodic  law  has  seemed  to  join 
hands  with  the  spectroscope,  a  belief  in  the  compound 
nature  of  the  so-called  elements  is  rapidly  gaining 
ground  among  chemists.  More  and  more  gcjneral  bo- 
comes  the  belief  that  the  Daltonian  atom  is  rcMilly  a 
compound  radical,  and  that  back  of  i\u)  wM^niing  tli- 
versity  of  the  alleged  elements  is  a  Kingle  unique  form 
of  primordial  matter.  But  it  shouhl  not  be  forgotten 
that  this  view,  whatever  its  attractiveneHS,  Htill  lurUn  in 
the  domain  of  theory.  There  is  no  proof  that  the  Dul- 
tonian  atom  has  yet  been  divided  in  tlie  laboratory. 


CHAPTER  IX 

THE  CENTURY'S  PROGRESS  IN  BIOLOGY 

I 

THEORIES    OF  ORGANIC   EVOLUTION 

"When  Coleridge  said  of  Humphry  Davy  that  he  might 
have  been  tlie  greatest  ])oet  of  his  time  had  he  not 
chosen  rather  to  be  the  greatest  chemist,  it  is  possible 
that  the  enthusiasm  of  the  friend  outweighed  the  cau- 
tion of  the  critic.  But  however  that  may  be,  it  is  be- 
yond dispute  that  the  man  who  actually  was  the  great- 
est poet  of  that  time  might  easily  have  taken  the  very 
highest  rank  as  a  scientist  had  not  the  Muse  distracted 
his  attention.  Indeed,  despite  these  distractions,  Johann 
Wolfgang  von  Goethe  achieved  successes  in  the  field  of 
pure  science  that  would  insure  permanent  recognition 
for  his  name  had  lie  never  written  a  stanza  of  poetry. 
Such  is  the  versatility  that  marks  the  highest  genius. 

It  was  in  1700  that  Goethe  published  the  work  that 
laid  the  foundations  of  his  scientific  reputation— the 
work  on  the  Metamorphoses  of  Pfunfs,  in  which  he  ad- 
vance<l  the  novel  doctrine  that  all  pjirts  of  the  flower  are 
motlified  or  metamorphosed  leaves.  Tliis  was  followed 
presently  by  an  extension  of  trie  doctrine  of  metamor- 
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pilosis  to  the  aniiiml  kingdom,  in  the  doctrine  nliicli 
Goethe  and  Oken  ad?an<jed  independently,  that  the  ver 
tebnite  akull  is  essentially  a  mothfied  and  developed  ver- 
tebra. These  were  conceptions  worthy  of  a  poet;  im- 
possible, indeed,  for  any  mind  that  had  not  the  poetic 
faculty  of  correlation.  Bnt  in  this  case  the  [>oet*8  vision 
was  pnjphetic  i>f  a  future  view  of  the  most  prosaic  sci- 
ence, Tlie  doctrine  of  inetiunorpfiosts  of  parts  soon 
came  to  be  regarded  as  a  fumhiiuental  feature  in  tlio 
science  of  Jiving  things. 

Iiut  the  doctrine  hud  ini plications  that  few  of  its 
early  advocates  realixed.  If  all  the  parts  of  a  flower— 
ipal,  petal,  stamen,  pistil,  with  their  countless  devia- 
tions  of  contour  and  color — are  lait  modifications  of  tlic 
leaf,  snch  motlilicatton  implies  a  marvellous  diirercntiu- 
tion  and  devehjpment.  To  assert  that  a  stamen  is  a 
metamorptiosed  leaf  means,  if  it  moans  anything,  that  in 
the  lor>g  svvee[i  of  time  the  leaf  has  by  slow  or  sudden 
grarlatii>ns  eliangiul  its  character  through  successive 
generations,  until  the  offspring,  so  to  speak,  of  a  true 
leaf  has  liecome  a  sUimen,  But  if  such  a  metamorphosis 
as  tfits  is  possible— if  the  seemingly  witle  gap  i>etweeu 
leaf  and  stamen  may  be  spanned  l>y  the  rofxlilioation  of 
a  hne  of  orgjin isms— -where  does  tlie  possibility  of  mnHi- 
fioation  of  nrgatnc  type  Hnd  its  Ixiunds?  Why  mjiy 
not  the  moditlcfition  of  parts  go  on  alonjj  devious  lines 
until  tlie  remote  descendants  of  an  organism  are  utterly 
anlike  thiit  organism?  Why  may  we  not  tlius  account 
for  tlie  develij|inient  of  various  s|>ecics  of  heings  all 
sprung  from  on©  parent  stock?  That  too  is  a  poet's 
dream;  hut  is  it  only  a  dream?  Goethe  thought  not. 
Out  of  his  iiftudie's  of  metamorphosis  of  parts  there  gi^w 
in  his  mind  the  belief  that  the  multitudinous  species  of 
T  880 
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plants  and  animuls  about  us  hare  been  evolved  froiq 
fewer  and  fewer  earlier  parent  types,  like  Uvlgs  of  ji 
giant  tree  drawing  their  nurture  from  tlie  same  prim 
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mot,     It  was  a  lK)ld  and  revolutionary  thought; 
the  world  regarded  it  ns  btit  tlie  vngary  of  a  poet. 

Just  at  tlie  time  when  this  thought  was  taking  fi 
in  Goethe's  brain,  the  same  idea  %va5  trerminating  i 
mind  of  another  philosopher,  an  Englishman  of  int 
tkmni  fame,  Dr,  Erasmus  Diirwln.  who,  while  he  li 
enjoyed   the  widest  ^wpuhirity  as  a  ]>oet,  the  rh; 
couplets  of   his  lioittnir  Gurtlen    l>eing  quoted   e' 
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where  with  admiration.  And  posterity,  repudiating  tlie 
vers©  which  makes  the  body  of  the  book,  yet  grants 
permanent  value  to  the  lamk  itself,  because,  forsooth , 
its  copious  explanatory  fo^jtnotes  furnish  an  outHne  of 
the  status  of  almost  every  department  of  Bcienee  of 
the  time. 

But  even  though  he  lacked  the  higheat  art  of  the  versi- 
fler,  Darwin  liad,  beyond  |>e  rat  I  venture,  tl»e  iniagi  nation 
of  a  poet  coupled  with  profound  scleniific  knowletlge; 
and  it  was  iiit^  [ujetic  insight,  correlating  urganisins  seem- 
ingly diverse  in  structurej  and  imbuing  tbe  lowliest 
flower  with  a  vital  personality,  which  led  him  to  sus- 
|>ect  that  there  are  no  lines  of  demarcation  in  nature, 
"  Can  it  be."  he  queries,  ''  that  one  form  of  organism 
has  developed  from  another ;  that  d liferent  species  are 
really  but  modi  tied  descendants  of  one  parent  stock  J" 
The  allnring  thought  nestled  in  liis  mind  and  was  nurt- 
ured there^  and  grew  into  a  tixed  beliei',  wfjich  was 
given  fuller  expression  in  his  Zmhmmla^  and  in  the 
posthumous  Temple  of  KiUure,  But  there  was  little* 
proof  of  its  validity  forthcoming  ttiat  could  satisfy  any 
one  but  a  poet,  and  when  Erasmus  Darwin  died,  in  1802, 
the  iilea  of  transmutation  of  species  was  still  but  an  un- 
substantiated dream. 

It  was  a  dream,  however,  whioh  was  not  confined  to 
Guethe  and  Darwin.  Even  earlier  the  idea  had  coma 
more  or  less  viiguf?ly  tf»  another  great  tl reamer ^and 
worker— -of  Germany,  Immanuel  Xant^  and  U^  several 
great  Frenchmen,  including  De  Jfaillet,  Maupertuis^ 
Bobinet,  and  the  famous  naturalist  IJnffon^a  man  who 
had  the  imagtnatiun  of  a  pot t,  though  his  message  was 
couched  in  most  artistic  prose.  Not  lung  after  the  mid- 
dle of  the  eighteenth  century  Ouffon  had  put  forward 
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the  idea  of  transmutation  of  species,  and  he  reiterated 
it  from  time  to  time  from  then  on  till  his  death  in  1788. 
but  the  time  was  not  yet  ripe  for  the  idea  of  transma- 
tation  of  8|)ecies  to  burst  its  "bonds. 

And  yet  this  idea,  in  a  modified  or  undeveloped  form, 
had  taken  strange  hold  upon  the  generation  that  was 
upon  the  scene  at  the  close  of  the  eighteenth  century. 
Vast  numbers  of  hitherto  unknown  species  of  animals 
had  been  recently  discovered  in  previously  unexplored 
regions  of  the  globe,  and  the  wise  men  were  sorely  puz- 
zled to  account  for  the  disposal  of  all  of  these  at  the 
time  of  the  Deluge.  It  simplified  matters  greatly  to 
suppose  that  many  existing  species  had  been  developed 
since  the  episode  of  the  Ark  by  moditication  of  the 
original  pairs.  Tiie  rcnu>ter  bearings  of  such  a  theory 
wei'e"  overlooked  for  the  time,  and  the  idea  that  Amer- 
ican animals  and  bijxls,  for  example,  were  modified 
descendants  of  Old  AVorld  forms — the  jaguar  of  the 
leopard,  the  puma  of  the  lion,  and  so  on— became  a  cur- 
rent belief  \Yith  that  chiss  of  humanity  who  accept  al- 
most any  statement  as  true  that  harmonizes  with  their 
prejudices,  without  realizing  its  implications. 

Thus  it  is  recorded  with  Crlttt  that  the  discovery  of 
the  close  proximity  of  America  at  the  northwest  with 
Asia  removes  all  ditticulties  as  to  the  origin  of  the 
Occidental  faunjis  and  Horas,  since  Oriental  species 
might  easily  have  found  tiieir  way  to  America  on  the 
ice,  and  have  been  modified  as  we  find  them  by  "the 
well-known  influence  of  climate."  And  the  persons  who 
gave  expression  to  this  idea  never  «1  reamed  of  its  real 
significance.  In  truth,  here  was  the  doctrine  of  evolu- 
tion in  a  nutshell,  and,  because  its  ultimate  bearings 
were  not  clear,  it  seemed  the  most  natural  of  doctrines. 
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But  most  of  the  persons  who  advanced  it  would  have 
turueil  from  it  aghast  could  they  have  realized  its  im- 
}i4>rt.  As  it  wa.s^  however,  only  here  and  tliere  a  man 
hke  Butfon  reasoned  far  enough  to  inquire  what  inigbt 
be  the  limits  of  such  assumeil  transmutation ;  and  only 
here  and  tiiere  a  Darwin  or  a  Goethe  reach e<I  the  coa- 
viction  that  there  are  no  limits. 


11 
And  even  Goethe  and  Darwin  bad  scarcely  passetl  b&- 
yond  that  tentative  stage  of  conviction  in  which  tl>ef 
held  the  thnnght  of  transmutation  uf  species  as  an  anciU 
lary  belief,  not  yet  ready  for  full  exjKisition  There 
was  one  of  their  contemporaries,  however,  who,  holding 
the  same  conception,  was  moved  to  give  it  full  explica- 
tion. This  was  tlje  friend  and  disciple  of  IJyffon,  Jean 
Haptiste  de  J^iniaiN^lc.  Possesseil  of  ttto  spirit  of  a  poet 
and  phi  Josoplier,  tfjis  great  Frenchman  had  also  the  widest 
range  ut  teebnical  knowleilgo,  covering  the  entire  lield 
of  animate  nature.  The  first  half  of  his  long  life  was 
devoted  chiefly  to  botany,  in  which  be  attained  high 
distinction.  Then,  just  at  tlie  beginning  of  our  cen- 
tury, he  turned  t4i  sct^^ilogy,  in  parti  en  Tar  to  the  lower 
forms  of  animal  life.  St»i<Iyi ng  these  lowly  orgjinisms, 
existing  ami  fossiL  he  was  rnore  and  more  impressetl 
with  the  gradations  of  form  everywhere  to  be  seen; 
the  linking  of  diverse  families  through  intermediate 
ones;  and  in  particular  witli  the  predominance  of  low 
ty  pes  of  1  i  f  e  i  n  t,  1 1  e  ea  rii  e  r  gcul  ngi  cji  I  st  mta,  Ci\  1 1  eil  u  pci  n 
constantly  to  clarify  tlie  various  forms  of  life  in  the 
course  of  his  systematic  writings,  he  found  it  move  and 
more  dilHcult  to  draw  sharp  lines  of  demarcation,  and  at 

20U 


THE  8T0RV   OF   XINKTEKSTH-CENTUUV    SCIKNCI 

last  the  suspicion  long  harbored  grew  into  a  settletl  oo 
viction  that  there  is  reaJly  no  «uuh  thing  as  a  si>«?cies 
organism  in  nature ;  that  ''  species  '*  is  a  figment  of  th"i" 
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human  iman:i nation,  whereas  in  nature  there  are  oi 
]ndividn:ib. 

That  certain  sets  at  irulividuals  an^  inore  like  one  m 
other  than  like  other  sets  is  of  course  patent,  but  this 
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only  means,  said  Latiiai'ck,  that  these  j^imiLar  groaps 
have  had  coui(>anitively  recent  cumitioii  aucestoi's,  whilb 
disaiuiilar  sets  ut'  beings  are  more  reinuLely  rt^iaied  in 
consanguinity.  But  tnwie  hack  the  lines  of  descent  far 
enougli,  and  all  will  culminate  in  one  original  stock. 
All  iorina  of  life  whatsoever  ure  m<xlilied  deseeudaQts 
of  an  origiual  organism.  From  lowest  to  highest,  then, 
there  is  but  one  race,  one  specieSj  just  as  all  the  mul- 
titudinous brandies  and  twigs  from  one  root  are  but 
one  tree.  For  pur|x*ses  of  convenience  of  description, 
we  may  divide  organisms  into  orders,  families,  genera, 
species,  just  as  we  diride  a  tree  into  root,  trunk, 
branches,  twigs,  leaves;  but  in  the  one  case^  as  in  the 
other,  tlie  division  is  arbitrary  and  artificial. 

In  Philomphk  Zwhi^ifjm  (1S09),  I^imarck  first  ex- 
plicitly formulated  his  ideas  as  to  the  transmutation  of 
8]>ecies,  though  he  had  outlined  them  as  early  us  ISUl. 
In  this  memorable  publication  not  only  did  he  state  bis 
belief  more  explicitly  and  in  fuller  detail  than  the  idea 
hud  l)een  expressed  by  any  predecessor,  but  he  toolc  an- 
other long  forward  step,  carrying  him  far  beyond  all  his 
forerunners  except  Darwin,  in  that  he  made  an  attempt 
to  explain  the  way  in  which  the  transmutation  of  spe- 
cies had  been  brought  about  The  changes  have  been 
wrought,  he  saidj  through  the  unceasing  efforts  of  each 
organism  to  meet  the  needs  imposed  upon  it  by  its  envi- 
ronment. ConstRnt  striving  nienns  the  constant  use  of 
certain  organs,  and  kucIi  m^^  loads  to  the  development 
of  those  orirans.  Thus  a  bird  running  by  the  sea  shore 
18  constantly  tempted  to  wacle  <leeper  and  det^per  in 
pnrKuit  of  foml;  its  incessant  efforts  tend  to  develop 
its  legs,  in  accordance  with  the  observed  principle  that 
the  nm  of  any  organ  tends  to  strengthen  and  develop  it, 
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But  such  slightly  inoreaismi  developtnent  of  the  le 
tninsnittted  tu  the  offspring  of  the  bii^J^  which  in  turn 
devdoiia  its  ali'cady  im proved  legs  by  its  individual 
fortSj  and  transintts  the  unproved  tendency,  (ienerat 
after  generation  this  ia  re}>eated^  until  the  sum  of 
inHnitesinjal  variali<jns,  all  in  the  sarae  dirwtion,  resu 
in  the  production  of  the  long  legi^ed  wading  bird.  In 
a  similar  way,  through  individuitl  effort  and  transmitted 
tendency,  all  tlie  divensilied  organs  of  all  creatures  have 
Ijeen  developed — the  tin  of  tlie  fisft,the  wing  of  the  bird, 
the  hand  of  man  ;  nay,  more,  the  fish  itself,  the  bird,  th^  , 
man,  even.  Collectively  the  organs  make  up  t  he  ent|^| 
organism;  and  what  is  true  of  the  individual  orgalfl 
must  be  true  also  of  their  enmmhh^  the  liviag  being. 

Whatever  might  be  thought  of  Lamarck's  explanation 
of  tlie  cause  of  transmutation  —  which  really  wast 
already  anggested  by  Erasmus  Darwin  ^the  idea  of 
evolution  for  which  he  contended  w^as  but  the  logv 
extension  of  the  conception  that  American  animals 
tlie  modified  and  degenerated  descendants  of  Europ 
animals.     But  people  as  a  rule  ai-e  little  prone  to  foil 
ideas  to  their  logical  conclusions,  and  in  this  case  ti 
conclusions  were  so  utterly  oppusetl  to  the  proxit 
l^ea rings  of  the  idea   that  the  whole  thinking  woi 
repudiated  them  with  acchdm.    The  very  persons  w 
had  most  eagerly  accepted  the  idea  of  transinutation  of 
Euro|>ean  species  into  Ameritsm  species,  and  simihirlim- 
ited  variations  throngh  changed  envimnnii^nt,  because 
of  the  relief  thus  given  the  otherwise  overcrowde<i  Ark 
were  now  forMnn^st  in  denrmncincr  such  an  extension 
the  doctrine  of  transmutation  as  Lamarck  proposed . 

And,  for  that  mntter.  the  leaders  of  the  scientific  wo! 
were  equally  antagonistic  to  the  I^marckian  hypothe 
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Cuvier  iq  particular,  once  the  pupii  of  Lamarck^  but  now 
bis  colleague^  and  m  autharitj  moi-ti  tban  his  [)eer^  stood 
out  against  the  transmutation  doctrttie  with  all  his  force. 
lie  argued  for  the  absuliUe  fixity  of  species,  bringing  to 
bear  tbe  resources  of  a  nitud  which,  as  a  mere  r-ei)ository 
of  facts,  |>erhapa  never  was  excelled.  Au  a  Hnal  and 
tangible  prwif  of  his  position,  he  brougliL  forward  tbe 
botlies  of  ibises  that  fiad  been  enibalraed  by  the  ancient 
Egyptians,  and  showed  by  comparison  that  these  do  not 
differ  in  the  slightest  particuhir  from  the  ibises  that  visit 
the  Nile  to-day*  Lamamk  Replied  that  this  proved  notb- 
ing  except  that  the  ibis  had  become  perfectly  adapted 
to  its  Egyptian  surroundings  in  an  early  diiy,  historically 
Speaking,  and  that  tbe  climatic  and  otlier  conditions  of 
the  Nile  Valley  imd  not  since  then  changed.  His  the- 
ory»  he  alleged,  provided  for  the  stability  of  species 
under  fixed  conditions  quite  as  well  ^is  for  transmuta- 
tion under  varying  con<iitions. 

But,  needless  to  say*  tht>  popular  verdict  lay  with  Ca- 
vier:  talent  won  for  the  time  against  genius,  and  Lt- 
raarck  was  looked  up*>n  as  as  inipions  visiorutry.  His 
faitii  never  wavered,  In^wever.  He  believeti  that  he  had 
gained  a  true  insight  into  the  processes  of  animate  nat- 
ure, and  he  reiterated  his  liyjHitfieses  over  and  over,  par- 
ticularly in  the  introduction  to  tiis  JUitioire  mtturdk  des 
Atdmaux  mn§  Vertehrfij^,  in  1815,  and  in  his  iSt/s(^ms  //<r*? 
thnnahmut't'H pimt.iveH  *h  V fiommi\  in  l*^iiO.  He  lived 
on  till  ISiJO,  respected  as  a  nuturabstj  but  almost  unreo 
ognixed  as  a  prophet. 


HI 


While  the  namos  of  Darwin  and  Goethe,  and  in  par< 
tioular  that  of  I^unarck,  musii  always  stand  out  in  high 
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relief  in  this  generation  as  the  exponents  of  the  idea  of 
transmutation  of  sjiecies,  there  tire  a  few  others  ivhicU 
must  not  be  altogether  overlooked  in  this  connection. 
Of  these  the  most  ctirisjncuoas  is  that  of  Gottfnetl  Kein- 
hold  Tmviranus*  a  Gerinun  niiturrilis^t  physician,  profess- 
or of  niathematres  in  the  lyceuin  at  Bremen* 

It  was  an  interesting  coincidence  that  Treviranus 
sliuuld  have  published  the  Urst  volume  of  his  BloiiMjk^ 
oder  PhihHopkie,  dfr  Icbenden  Natut^  in  which  Iiis  views 
on  the  transmutation  of  s|>ecies  were  cxpoumteil,  in  1802, 
tbe  same  twelvemonth  in  whicli  Lamarck's  tirst  exposi- 
tion of  the  same  doctrine  appeareil  in  his  lif^^ht^r^fu}^  mtr 
V Orijanmttloa  (Ie«  Cofpit  ViikCjiU,  It  is  singuhir,  too, 
til  at  Lamarck,  in  his  Ili/drtt^jtolofjie  of  the  saine  dale, 
should  independently  have  suggested  '*  biology '^  as  nn 
appropriate  word  to  ex|iress  the  general  science  of  living 
things.  It  is  signiticanfc  of  the  tendency  of  thought  of 
the  time  that  the  need  of  such  a  unifying  word  should 
have  presented  itself  simultaneously  to  independent 
thinkers  in  different  countries. 

That  same  memorable  year,  Lorenz  Oken,  another 
philosophical  naturalist,  professor  in  the  University  of 
Zurich,  published  the  preliminary  outlines  of  his  Phi- 
hmphh  der  Natur^  which,  as  develo|>ed  tli rough  later 
publications,  outlined  a  theory  of  spontaneous  generation 
and  of  evolution  of  species.  Thus  it  appears  that  thi* 
idea  was  germinating  in  the  minds  of  several  of  the 
ablest  men  of  the  time  during  the  first  decade  of  our 
century.  But  the  singular  result  of  their  various  expli* 
cations  was  to  give  sudden  check  to  that  undercurrent 
of  thought  which  for  some  time  had  been  setting  tow- 
ards this  conception.  As  soon  as  it  wiis  made  clear 
whither  the  concession  that  animals  may  be  changed  by 
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^V  their  environment  must  logically  trend,  the  recoil  from 
the  idea  was  instantaneous  and  fervid.  Then  for  a  gen- 
eration Cuvier  was  ahiiost  absolutely  dominantj  and  his 
verdict  was  generally  considei'ecl  tinal. 


XriKTlUm  UKOFFItOV  SAINT-UILAIHE 


Tljere  was,  indeed,  one  naturalist  of  authority  in 
Fnince  wlio  had  tlu*  haixlilioud  let  sUind  out  fi^utnst 
(*uvier  arid  his  school,  and  who  was  in  a  jiosition  to 
[gain  a  hearing,  though  hy  no  means  to  divide  the  fol- 
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lowing.  Tlijs  was  fetienne  Geoff roy  Sainl-lIilairOf 
famous  author  of  tlie  Phtlomphlc  Anaiaimque^  anil  fi>r 
many  years  tfie  colleague  of  Lamarck  at  the  Jardin 
Plantes.  Like  Goetlie»  Oeotfroy  wxis  i)re-tiinimiHtly 
anatomi&t,  and,  like  the  gr«ut  Geriniin,  he  had  eai 
been  impressed  with  the  resemblances  between  the  anal 
ogous  organs  of  different  clusnes  of  beings.  He 
ceive<l  the  idt*a  that  an  absolute  unity  of  type  preva 
tliroiighout  organic  lUilnre  as  regards  each  set  of  orgaos. 
Out  of  this  idea  grew  his  gradually  f<trnied  l>elief  tl 
simiiarity  of  structure  might  imply  identity  of  origii 
that;  in  shorty  one  species  of  animal  might  have  del 
oped  frotn  another. 

Geoffi'oy's  grasp  of  this  idea  of  transmutatiofi  was 
no  means  so  complete  as  that  of  Lamarck,  and  hesooi 
never  to  have  fully  determined  in  his  own  mind  jnsl 
what  might  be  the  hmits  of  such  development  of  spec  a 
Certainly  he  nowhere  includes  all  orgiHiic  creatures 
one  line  of  descent,  as  Lamarck  had  done;  nevertheh 
he  held  tenaciously  to  tlie  Truth  as  he  saw  it,  in  open 
position  to  Cuvier,  with  whuiu  he  held  a  memorable  d 
bate  at  the  Academy  of  Sciences  in  1S30 — the  del>at43 
which  so  aroused  tlie  interest  and  enthusiasm  of  Gc»ethe, 
but  which,  iu  the  opinion  of  noarly  every  one  else, 
suited  in  crushing  defeat  for  Geoffrey,  and  brilliai 
seemingly  final,  victory  for  the  advocate  of  special  cl 
ation  and  tlie  fixity  of  s^iecies. 

With  that  all  ardent  controvei*sy  over  tlie  subj< 
seemed  to  end,  and  for  jnst  a  quarter  of  a  century 
come  there  was  published  but  a  single  argument 
tmnsmutation  of  species  which  attracted  any  general 
tention  whatever.     This  oasis  in  a  dest^rt  generation  w 
a  little  book  called   Ve^tifjcff  of  ihe  Nainral  Hhfof*^ 
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Creat forty  which  appeared  anonymousl}^  in  England  in 
1844,  and  which  passed  thraugii  numerous  editions,  and 
was  the  subject  of  no  end  of  abusi\'e  and  derisive  com- 
ment. The  authursliip  of  this  book  remained  for  forty 
jears  a  secret,  but  it  is  now  conceded  to  have  been  the 
work  of  Robert  Chambers,  tlie  well-known  English 
author  and  publishen  The  book  itself  is  remarkable  as 
being  ati  avowed  and  unequivocal  exposition  of  a  gener- 
al doctrine  of  evolution,  its  view  being  as  radical  and 
comprehensive  as  that  of  Latimrck  himself.  But  it  was 
a  resfJim:  of  earlier  elforts  rather  than  a  new  departure, 
to  say  notliingof  its  technical  shortcomings,  and,  while 
it  aronsed  bitter  tin  i  mad  versions,  and  cannot  have  been 
without  effect  in  creating  an  undercurrent  of  thonght  in 
oppO!<ition  to  tbe  main  ti-end  of  opinion  of  tlie  lime,  it 
can  hardly  be  said  to  have  done  more  than  that.  In- 
deed, some  critics  have  denied  it  even  this  merit.  After 
its  publication,  as  befor^e,  the  conception  of  transmuta- 
tion of  species  remained  in  tlie  p<>pular  estimation,  both 
lay  and  scientific,  an  almost  forgotten  *4ieresy." 

It  is  true  that  here  and  there  a  scientist  of  greater  or 
less  repute — as  Yon  BuGb,  Meck(*t,  and  Yon  Baer  in 
Germany,  Bory  Saint  Vincent  in  France,  Wells,  Grant, 
and  Matthew  in  England,  antl  Leidy  in  America — had 
expressed  more  or  less  tentative  dissent  from  the  doc- 
trine of  special  creation  and  immutahility  of  specifs.  but 
their  utmggre&sive  suggestions,  usually  put  forward!  in 
uUscure  publications,  and  incidentidly-,  were  utterly  over- 
looked and  ignored.  Ami  so,  despite  the  scientific  ad- 
vances along  many  lines  at  the  middle  of  the  century, 
the  idea  of  the  transinutahility  of  organic  races  had  no 
such  prominence,  eitlicr  in  scicntiHc  or  unscientific  cir- 
cles^  an  it  had  acquired  fifty  yoars  before.    S]>ecinl  ere* 
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ation  held  the  day,  apparently  unchalleoged  and  unop- 
(xjeted. 

rr 

But  even  at  this  time  the  fancied  security  of  the  sp©- 
ciiil  crt^ition  hypotbesrs  was  by  no  Trie^ns  n?al  Though 
it  seemed  m  invincible^  its  real  fX)sJtion  iva^  that  nf  un 
apparentJy  impregnable  fortress  heneiilh  which,  all  un* 
tieknown  to  th<»  garrison,  a  powder-mine  has  been  dug 
and  Vim  ready  for  explosion.  For  alre^idy  there  existett 
in  the  secluded  work-room  of  an  English  naturalist,  a 
manii^ript  volume  and  a  i>ort folio  of  notes  which  might 
have  sufticeti,  if  given  publicity,  to  shutter  the  entire 
structure  of  the  special-creation  hypothesis.  The  natu- 
ralist who,  by  dint  of  long  and  patient  effort,  had  con- 
structed this  powder-mine  of  facts  was  Charles  Robert 
Darwin,  grandson  of  the  author  of  Zoonomia. 

As  long  ago  as  July  1,  1837,  young  Darwin,  then 
twenty-eight  years  of  age,  had  opened  a  private  jour- 
nal, in  which  lie  purposed  to  record  all  facts  that 
came  to  him  which  seemed  to  have  any  bearing  on 
the  moot  point  of  the  doctrine  of  transmutation  of  spe- 
cies. Four  or  five  yeai*s  earlier,  during  the  course  of 
that  famous  trip  around  the  world  with  Admiral  Fitz- 
roy,  as  naturalist  to  the  Beagle^  Darwin  had  made  the 
personal  observations  which  first  tended  to  shake  his  be- 
lief in  the  fixity  of  species.  In  South  America,  in  the 
Pampean  formation,  he  had  discovered  "great  fossil  an- 
imals covered  \vith  armor  like  that  on  the  existing  arma- 
dillos," and  had  been  struck  \\\\\\  this  similarity  of  type 
between  ancient  and  existing  faunas  of  the  same  region, 
lie  was  also  greatly  impressed  by  the  manner  in  which 
closely  related  species  of  animals  w^ere  observed  to 
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place  one  another  as  he  proceeded  southward  over  the 
continent;  and  '*  bj  the  South  Americaa  character  of 
most  of  the  productions  of  the  Galapagos  Archijielago, 
and  mure  especiallv  by  the  nmnner  in  which  they  lUffer 
slightly  on  each  island  of  the  group,  none  of  the  islands 
appmring  to  be  very  ancient  in  a  geological  sense." 

At  first  the  full  force  of  these  observations  did  not 
strike  him ;  for,  under  su  ay  of  Ly ell's  geological  con- 
ceptions, he  tentatively  explained  tlie  relative  absence 
of  life  on  one  of  the  Galapagos  Islands  by  suggesting 
that  perliups  no  s]>ecies  had  been  created  since  that  isl- 
and arose.  But  gradually  it  dawned  upon  him  that 
such  facts  as  he  had  observed  "could  only  be  explained 
on  the  supposition  that  species  gradually  become  niotli- 
fied.''  From  titen  on,  as  he  afterwards  asserted j  the  sub- 
ject haunted  biin  ;  hence  the  journal  of  1837, 

It  wdl  thus  be  seen  that  the  iilea  of  the  variability  of 
species  cauie  to  Charles  Darwin  as  an  inference  frum 
personal  observations  in  the  field,  not  as  a  thought  bor- 
rowed from  b<r>oks.  fie  bad,  of  course,  rea*!  the  works 
of  his  grandfather  much  earlier  in  life,  but  tbe  argu- 
mentii  of  the  ZtMmomia  and  Temple  of  Nature  bad  not 
served  in  the  least  to  weaken  his  acceptance  of  the  cur- 
rent belief  in  (ixity  of  species.  Nor  had  he  been  more 
i  Hi  pressed  with  the  doctrino  of  Lamarck,  so  closely  sim- 
ilar to  that  of  \m  grandfather.  Indeed,  even  after  his 
8o?ith  American  exjK^rience  had  aroused  idm  to  a  new 
point  of  view  he  was  still  unable  to  see  anything  of 
vabie  in  these  earlier  attempts  at  an  explanation  of  the 
variation  of  species.  In  opening  his  journal,  therefore^ 
he  had  no  preconceived  notion  of  upholding  the  views  of 
these  or  any  other  makers  of  hypotheses,  nor  at  the 
time  had  ho  forrnulaUjd  any  hypothesis  of  his  own.   His 
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niiiul  was  open  ami  receptive;  he  %\*ii>i  eager  only 
facts  which  iiiigiit  lead  Inm  to  an  und<^rslaniling 


CHARLES  nOBRRT  DAKWllf 

]>roblem  which  seentecl  utterly  obsLiirf^.  Tt  was  soi 
thing  U}  feel  sure  that  specit^s  have  vari***! ;  l»iU  hi 
have  such  variations  been  brought  about  i 

It  was  not  long  before  Durwin  found  a  clew  which 
thought  might  Imd  to  tire  answer  he  sought.     In 
ing  about  for  facts  be  hat!  soon  disco veiinl  that 
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most  available  ticld  fur  observation  lay  uiuoiig  duin<^sti< 
mted  animals,  whose  numerous  variations  within  specific 
Jinea  are  familiar  to  every  one.  Thus  under  doniesticu- 
tfon  creatures  ao  tangihly  different  as  a  mastiff  and  a 
terrier  have  sprung  from  a  common  stock.  So  have  the 
Shetland  pony,  the  thorough l>red,  and  the  dranght- 
horse.  In  short,  lliere  is  no  domesticate<l  animal  that 
lias  not  develoi>ed  varieties  deviating  more  or  less  wide- 
ly from  tlie  parent  stock.  Now  how  has  this  been  ac- 
complished ?  Wliy^  clearly,  by  the  preservation,  through 
selective  breeding,  of  seemingly  accidental  variations. 
Thus  one  horseman,  by  constantly  selecting  animals 
that  "chance"  to  have  the  right  buikl  and  stamina, 
Hnatly  develo|>s  a  race  of  running-hor^^cs;  wliite  another 
horseman,  by  selecting  a  different  series  of  progenitors, 
has  developed  a  race  of  slow,  heavy  draught-animals. 

80  fur  so  grK>d  ;  tlie  |ireservatiun  of  '*  accidental  "  va- 
riations through  selective  breeding  is  |*lainly  a  means  by 
which  races  may  \m  devehiped  that  are  very  different 
fmm  their  original  parent  form.  But  this  is  under 
man's  supervision  and  <lirection.  By  what  proceas  could 
such  selection  bo  brrnight  about  among  creatures  in  a 
state  of  nature  ?  Here  surely  was  a  puzzle,  and  one  that 
must  be  solved  before  another  step  oould  be  taken  in 
this  direction. 

The  key  to  the  solution  of  this  puzde  came  into  Dar- 
win's mind  Hi  rough  a  chance  reading  of  the  famous 
essay  on  '*  Topulation  *'  which  Thomus  Robert  Ma  I  thus 
had  published  almost  half  a  century  before*  This  essay » 
expjsiting  ideas  by  no  means  exclusively  original  with 
[nlthtis,  iniiphai»i/4^K  thi'  fact  that  <»rganisms  tend   to 

irease  at  a  geiunetrical  ititio  thmngh  successive  gen- 
"eratiomi,  and  hence  would  over|Htpulate  the  earth  if  not 
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somehow  kept  in  cliix'.k.  Cogitating  this  thought,  Dar] 
win  gained  a  new  insight  into  the  process*©  of  nature, 
lie  saw  thnt  in  virtue  of  this  Unidency  of  pach  race  ol 
beings  to  o?er[ copulate  tlie  earth,  the  entire  organ ioj 
world,  animal  and  vegetable,  must  be  in  a  stiite  of 
perpetual  carnage  and  strife,  individual  against  indi- 
vidual, tigliting  fur  suatenunce  and  life* 

That  idea  fully  imagined^  it  becomes  plain  that  a  select-j 
ive  influence  is  all  th*>  linni  «t  work  in  natun\  since  only 
a  few  individuiils^  relatively^  of  each  generation  can  comoj 
to  maturity,  and  these  few  must,  naturally,  bo  thosti] 
best  fitted  to  battle  with  the  particular  circumstances 
in  the  midst  of  whicli  tliey  are  placed.     In  other  words,] 
the  individuals  best  uilapted  to  their  surroundings  will, 
on  the  average,  be  those  that  grow  to  maturity  and 
produce  oflrapring.    To  these  off^ipring  will  be  trang. 
niitted  the  fiivorablo   peculiarities.     Thus  these   pecul 
iaritiea  will  become  permanent,  and  nature  will  havftj 
accomplished  precisely  what  tlie  human  breetler  is  seen' 
to  accomplish.      Grant   that  organisms  in  a  stiit«  of^ 
nature  vary,  liowever  slightly,  one  from  another  nvhich 
is  indnbi table),  and  that  such  variations  will  be  tmns^- 
mitted  by  a  psirent  to  its  offspring  (which  no  one  then' 
doubted);  granU  furtlier,  that  there  is  incessant  strife  I 
among  the  various  organisms,  so  that  only  a  small  pr^»-] 
portion  can  come  to  maturitr^ — grant  these  things,  said] 
Darwin,  aiul  we  liave  an  es|)Ianjition  of  the  pwservatiou] 
of  variations  which  leads  on  to  the  transmutittion  ol 
species  themselves* 

ThiK  wonderful  coign  of  vantage  Darwin  had  reached 
hy  1839.     Here  was  the  full  outline  i>f  his  titeory  ;  her 
were  the  ideas  which  afterwards  came  to  l>c  ernbaluitHi 
in  familiar  speech  in  the  phruHes  ^"  spoiUan(?ous  varia^ 
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tion,"  and  the  ''survival  of  the  fittest,-'  througli  "'fiat 
uml  selection,"  After  such  a  discovery  any  ordiuarj 
rnan  would  at  once  have  run  througii  the  streets  of 
science,  so  to  sjjeak,  screaming^  **  Eureka  I"  Nut  so  Dar- 
win. He  pkced  tlie  iinmuseript  outline  of  bis  theory  in 
his  portfolio,  and  went  on  gathering  facts  bearing  on  Ids 
discovery.  In  184^4  lie  made  an  abs^tract  in  a  iiianiisf^ri[>t 
book  of  the  miiss  of  facts  Uy  tliat  time  accu  mala  toil. 
He  showed  it  ta  his  friend  Hooker,  made  careful  provi- 
sion for  its  publication  in  the  event  of  bis  sudden  ileath, 
tlien  stored  it  away  in  his  desk,  and  svent  aliuad  with 
tlie  gathering  of  more  data.  This  was  the  uoexploded 
powder-mine  to  wliich  I  have  just  referred. 

Twelve  yeai-s  more  elapsed;  years  during  which  the 
silent  worker  gathered  a  prtxiigious  mass  of  facts,  an- 
swered a  multitude  of  objections  that  arose  in  his  own 
mind,  vastly  fort  i RlhI  hi^  theory.  All  this  time  the  toiler 
was  an  invalid,  never  knowing  a  day  freo  from  illness 
and  discoEifcjrt,  obliged  to  husband  his  strength,  never 
able  to  work  more  tlian  an  hour  and  a  half  at  a  strt^tch  ; 
yet  hoaccomplisheil  what  would  have  been  vastachievo 
ments  for  half  a  dozen  men  of  robust  liealth.  Two 
friends  among  the  eminent  scientists  of  the  day  knew  of 
his  labors —Sir  Joaoph  Hooker,  the  botanist,  and  Sir 
Charles  LyelL  the  geologist.  Graihially  Hooker  had 
come  to  be  mcire  timn  half  a  convert  to  Darwin's  views. 
I. yell  was  still  sceptical,  yet  he  urgetl  Darwin  to  publish 
his  theory  without  furtlior  ihday,  lest  bo  be  forestalled. 
At  last  the  ]>atient  worker  decide<l  to  comply  with  this 
advice,  and  in  185G  he  set  to  work  to  make  another  and 
fuller  abstract  of  the  mass  of  data  he  ba<l  gathered. 

An<l  then  a  strange  tiling  hapfiened.  After  Darwin 
liad  been  at  work  on  his  "alistract"  about  two  years, 

807 


TUK  CENTUitYS   PKO<iUES,S   IN    BIOLOGY 

theory  af  ''natural  selection''  wliicli  he  bimself  had 
originated  and  for  t^venty  yeu rs  had  n'arke<l  upon. 
Working  iiuleiieudently,  on  opposite  sides  of  the  globe, 
Darwin  and  W^aUace  had  hit  upon  the  same  exphiiiation 
of  the  cause  uf  Lransmutatioii  of  species.  '*  Were  WaU 
hice's  pa|)6r  an  ubstnict  of  my  unpublished  manuscript 
of  IS44/'  said' Darwin,  '•  it  could  not  better  express  my 
ideas." 

Here  was  a  dilemma.  To  publish  this  paper  with  no 
vvonl  from  Darwin  would  giv^e  Wallace  priority,  and 
wrest  from  I>arwin  the  credit,  of  a  discovery  which  he 
had  made  yea[*s  before  his  eo-iliscoverer  entered  the 
tield.  Yet,  on  the  other  hand,  could  Darwin  honorably 
do  otherwise  than  puf>]ish  his  friemrs  pa|>er  and  liirnself 
remain  silent  ?  It  wa^i  a  com  plication  well  oaleulated  to 
try  a  man's  soul*  Darwin's  wns  er]iial  to  the  test. 
Keenly  alive  to  tfie  delicacy  of  the  position,  fie  placed 
the  whole  nialter  before  his  friendi*  Hooker  and  Lyell, 
[ind  left  tlio  decision  as  to  a  cour-so  of  action  absolutely 
to  thom.  Xecniless  to  say,  tfieae  greiit  men  did  the  one 
thing  whieh  insured  fidl  justice  to  all  concerned.  They 
counselled  a  joint  publication,  to  include  on  the  one 
liand  Wallace's  pajH^r,  and  on  the  other  an  abstract  of 
Darw^in*s  ideas,  in  the  exact  form  in  wImcIi  it  had  been 
outlined  by  the  author  in  a  letter  to  Asa  liray  in  the 
previous  year— an  abstritet  which  was  in  Gray's  hands 
before  Wallace's  paper  was  in  existence,  Tlits  joint 
proiiuction^  together  with  a  full  statement  of  the  facts 
of  the  case,  was  presented  to  the  Lfinia>an  Society  of 
l^ondon  b}'  Hooker  and  Lyell  on  the  evening  of  July  L 
1858.  this  being,  by  an  odd  coincidence,  the  twentydirnt 
anniversary  of  the  d«y  on  which  Darwin  had  oj>ened 
his  journal  to  colleut  facts  bearing  on  the  "species  ques- 


^k 


^ 


TEK  srOKV  OF  NLNETEENTH-CENTUUV   SCIKSCE 

tion."     Not  often  before  In  the  history  of  science  has  it] 
happened  that  a  great  theory  has  been  nurtured  in 
authors  bniin  through  infancy  and  ad<»Jesceuce  to  it* 
full  legal  mitjorily  before  being  sent  out  iiilo  the  vvorldJ 
Thus  the  fuse  that  led  to  the  great  powder-mine  hailj 
been  lighted.     The  explosion  itself  canits  mure  thnii 
year  later,  in  November,  l.S5'J,  when  fJurwin.  afitir  ihi 
teen  months  of  further  effort,  uornpleted  the  outline  ol 
his  theory,  which  was  at  tirst  be^n  as  an  abstract  foi 
the  Linnaian  Society,  but  which  grew  to  tlte  »izo  of  aal 
)nde[>endent  volume  despite  his  el^trts  at  condensation, 
and  which  was  given  that  ever  to-be-famous  title,  TA< 
Orif/in  of  Speei^»hff  meufiif  <if  NtUHral  Schctmiy  or  (ht 
J*te^eri'atit}ii  of  Fudared  Uace^  in  the  6't/'tuf(j/<*/or  Lift 
And  what  an  explosion  it  was!    The  joint  pa|H:;r  of  1^5? 
had  made  a  niotuentary  flare,  causinj^  the  liearem,  as| 
Hooker  said,  to  *'s[)eak  of  it  with  t»ated  brmth/'  but  be- 
yond that  it  raade  no  sensation.     What  the  result  uasi 
when  tlie  Origin  itself  a|>|>eared,  no  one  of  our  genora- 
tion  need  be  told.     The  rumble  and  roar  that  it  njude  in 
the  intellectual  world  hare  not  yet  altogetJier  ceased  to 
echo  after  forty  years  of  reverberation. 


To  the  Origin  of  Specim^  then,  anil  to  its  anthor, 
Charles  I>arvvm,  niunt  always  be  n scribed  ciiiMf  ereilit 
for  that  vast  revolution  in  the  fundatuental  beliefs  of| 
our  race  which  has  come  about  since  1851^  and  maiic 
the  second  half  of  the  century  nieraorable.  But  it  must;! 
not  lie  overlooked  thnt  no  such  s«*klen  metaniorpboRis 
could  have  been  effected  had  it  not  ijoen  for  the  aid  <)f  a 
few  niJtable  lieutenants,  who  rallied  to  the  «tandanls  of  | 
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the  leader  immediately  after  tlie  publication  of  tlie  Ori- 
fjhu  Bar  win  had  all  along  felt  the  utmost  contidence 
ill  the  ultimate  triumph  of  his  ideas.  *'Our  jwstenty," 
he  declared  in  a  letter  to  Iluoker,  *'  will  marvel  as  much 
about  the  cun^nt  iMjlief  [in  special  creation]  as  we  do 
about  fossil  shells  baviug  {vhqh  thought  to  be  ci'eated  as 
we  now  see  them<"  But  he  fidly  reahzed  that  for  the 
present  success  of  his  theory  of  traiismuUition  the  cbani- 
pionship  of  a  few  leaders  of  science  was  all-essential. 
lie  felt  that  if  ho  could  make  converts  of  Hooker  and 
Lyell  and  of  Thomas  Henry  Utuley  at  once,  all  would 
be  well. 

His  success  in  this  ix?gard,  as  in  others,  exceeded  his 
exj>et^tations.  Hooker  was  an  ardent  disciple  from  read* 
ing  tiie  proof-sbeets  bet'ore  the  book  was  published; 
Lyell  renounced  Im  f«iriner  beliefs  and  fell  into  line  a 
few  months  later;  while  Huxley^  so  s(K>n  as  be  bad  mas- 
tered the  central  Idea  of  natural  se'lection,  marvelled 
that  so  simple  yet  nll-potent  a  thou^^lit  bad  escaped  hiui 
so  long,  and  tiien  ruslied  eagerly  into  the  fray,  wiekling 
the  keenest  dialectic  blade  that  was  drawn  during  the 
entire  controversy.  Then,  too,  unexpected  recruits  weis3 
found  in  Sir  John  Lubbock  and  John  Tyndall,  who  oar- 
rieil  the  war  eagerly  into  their  respective  territories; 
wbtle  Herbert  Spencer,  who  had  advocated  a  doctrine 
of  transmutation  on  pbilosopluc  grounds  some  years  hti- 
fore  Darwin  published  tlie  key  to  the  mystery — and  who 
himself  bad  barely  escaped  iuib.^pcndent  discuvury  of 
that  key —lent  bis  meisterful  iniluenoo  to  the  cause.  In 
America,  the  famous  botanist  Asa  (Iniy,  who  bad  lung 
been  a  corres(>ondent  of  Darwin's,  but  whose  advocaey 
of  the  new  theory  had  not  lx?on  iinticipatfHt,  became  an 
9irdent  propagandist;  widle  in  Germany  Ernst  lleinrioh 
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HaecVelt  tlie  youtbful  but  alma^ly  noted  zoologist,  took 

up  tiie  ilglit  with  L*qu£ii  enthu»uism* 


ASA  GUkT 


Against  these  few  doughty  champions— with  here  uni 
thoro  anotlier  of  less  general  renown — ^was  arrayed^  ul 
the  outset,  practically  all  Cliristeniloni.  The  interest  of 
tlie  (juestion  came  home  to  every  person  of  intelligence, 
whatever  his  calhng,  and  the  more  deeply  as  it  became 
inui'e  and  more  ekar,  how  far-i^aching  are  the  real  bear- 
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ings  of  the  lioctntie  of  natural  selection.  Soon  it  was 
sesen  that  should  tbe  doctrine  of  the  survival  of  tlie 
favored  races  tli rough  the  struggle  for  existence  win, 
thei^  must  oome  with  it  as  radical  a  change  in  man's 
estimate  of  his  own  ])osition  as  imd  conic  in  the  day 
when,  through  the  efforts  of  Copernicus  and  Gahleo*  the 
worhi  was  duthroneti  from  its  su|fjiosed  central  position 
in  the  univei*se.  Tlie  vvliole  conservative  majority  of 
mankind  recoiled  from  this  necessity  witli  horror.  And 
this  conservative  majority  included  not  laymen  memly, 
but  a  vast  prei)onde ranee  of  the  leaders  of  science  also. 

With  the  ojjen-iniuded  minority,  on  the  other  hand, 
tlie  theory  of  natural  selection  m^ide  its  way  by  leaps 
and  bounds.  Its  deUghtfuI  isiniplicity^vvhicli  at  Hrst 
sight  made  it  seetn  neilhor  new  nor  important — coupled 
with  the  marvel tous  comprehensiveness  of  its  iniplica- 
tions«  gave  it  a  bold  on  tbe  imagination,  and  secured  it 
a  hearing  where  other  theories  of  transmutation  of  spe- 
cies bail  been  utteily  scorned.  Hen  vvjio  had  found 
Dimarck's  conception  of  change  thmugh  voluntary  ef- 

rt  ridiculous,  tmd  the  vaporings  of  the  YfdttjeB  alto- 
gether despicable,  men  whose  scientific  ciiutions  hekl 
them  hack  from  Spencer's  deductive  argument^  took 
eager  liold  of  that  tangible,  ever-present  principle  of 
natural  selection,  and  were  led  on  and  on  to  its  goal. 
Hour  by  hour  tlie  attitude  of  the  thinking  world  tow- 
ards this  new  principle  changed  ;  never  t>efoi'e  was  so 
great  a  revolution  wrought  so  suddenly* 

Kor  waii  this  merely  because  *Hbe  times  were  ripe  ^' 
or  **  men's  minds  prepared  for  evolution."  Darwin 
himself  bears  witness  that  this  was  not  altogether  so. 
All  through  the  years  in  which  he  bromled  this  theory 
he  sounded  bis  scientific  friends,  and  could  tind  among 
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lliera  not  one  uiio  ackno\vle4l«^e(1  a  ilcxjtririe  of  tninsmt 
tiilion.     Tlie  reaction  I'roin  ilie  tituTidpinni  of  Liimurcl 
and  Kra^mut}  Darwin  and  Goethe  had  been  cumpbti 
and  ivben  Chnrlps  Darwin  avowetl  his  own  convictioi 
ho  exi>ected   ulwavti  to  have  it  met  with   lidiciilo  ul 
uon tempt.     In   1857  there  was  but  Ofie  man  spetikin^ 
with  any  large  degi-^e  of  auLhority  in  the  world  wh( 
openly  avowttd  a  \>e\ki  in  traiisumtationof  R|>ecies — thai 
man  being  Herbert  8(iencer     But  the  On'ffin  of  Sjx'cu'i 
came,  as  Huxley  has  said,  like  a  Hash  in  the  darkneas,  ei 
abling  the  beniglited  voyagor  to  see  the  way.     Thesocn 
of  yetU*&  during  which  Us  author  hjul  waited  and  worked 
had  b«en  years  well  si>ent.     Darwin  had  become,  as  h^| 
himself  says,  a  veritable  Croesus,  "overwhelmed  with 
his  riches  in  facts ''—facts  of  zoology,  of  selective  arti 
eial  breeding,  of  geographical  distribution  of  animals,- 
embryology,  of  paleontology.     lie  had  massed  his  fact 
about  Jus  theory,  condensed  thoin  and  reconderised,  nn^ 
til  his   volume  of  live  Imnilred  pages  was  an  encych 
pa^tta  in  scope.    During  those  long  yeai-s  of  inusing  U 
Imd  thought  out  almost  every  conceivable  objection  t< 
his  theory,  anil  in  his  book  ever^''  such  objection  wa 
stated  witlj  fullest  force  and  candor,  together  with  sue! 
re]>ly  ns  the  facts  at  command  might  dictate.     It  w 
the  force  of  those  twenty  years  of  elTort  of  a  niaste^ 
mind  that  made  the  sudden  bmaclt  m  the  breastwork  o( 
current  tbonght. 

Oneu  this  breach  was  eifected,  the  work  of  con<pH»s| 
went  rapidly  on.     Day  by  day  stjuacls  of  tlie  enonr 
capitulated  and  struck  their  arms.    By  the  time  anotli 
score  of  years  had  passed  tlje  rloctrine  of  evolution  ha< 
become  the  working  hyjiothesis  of  the  scie^Uitic  work 
The  revolution  had  been  effected, 
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Ami  from  auiiil  the  wreckage  uf  upiniyii  aiitl  belief 
Btiinds  forth  the  figure  of  Charles  Darwin,  cahu,  imper- 
turbable, serene  ;  scatheless  to  rUlicyle,  contumely,  abuse ; 
unspoiled  by  ultimate  suecess ;  unsullied  ahke  by  the 
strife  and  the  victory -*tahe  hiiii  for  all  in  all,  for  char- 
acter,  for  intellect,  for  what  he  was  and  what  he  did, 
perhaps  the  most  8ocratic  fit^ure  of  the  century.  When, 
in  IS82,  he  dtedj  friend  and  foe  alike  conceded  that  one  of 
the  greatest  sons  of  men  had  rested  from  his  labors,  and 
all  the  world  felt  it  fitting  that  tite  remains  of  CImrles 
Darwin  siiould  be  entombed  in  Westminster  Abbey, 
close  beside  the  honored  grave  of  Isaac  Kewton,  Kor 
were  there  many  who  would  dispute  the  justice  of  Hux- 
ley's esthnate  of  his  accomplishment :  '*  lie  found  a  great 
truth  trodden  under  foot,  lleviled  by  bigots,  and  ridiculed 
by  all  the  world,  be  lived  long  enough  to  see  it,  chiefly  by 
bis  own  efforts,  iiTefnigubly  established  in  science*  in- 
separably incur'ponited  with  the  commi»n  tliought^s  of  men, 
and  only  hated  and  feared  by  those  who  would  revile,  but 

»dare  not/* 
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Wide  as  are  the  implications  of  tlie  great  truth  which 
Darwin  ami  his  co-workera  established,  hawever,  it 
leaves  quite  untonoiied  the  f)ri»blem  of  the  origin  of 
those  ''Favored  variations"  upon  which  it  operates. 
That  such  variations  are  duLi  to  Hxetl  and  determinnte 

■  causes  no  one  undt!rstood  ht^tter  than  Darwin;  but  in 
his  origin»l  exposition  of  his  doctrine  he  matle  no  as* 
sumption  as  to  what  these  causes  are.  He  accepted  the 
observed  fact  of  vjiriatifin— as  constantly  witnessed*  for 
example,  in  the  dilTcrfnces  between  |>arent»  and  off- 
ipi'ing— and  went  ahead  from  thi«  ixssumption. 


^*"'^-"'^-^ 


TilK  STuUV    OF   NlNETEENIllCHNTUUV    StlKNCE 


But  as  soon  as  the  vtilUiity  of  tlio  principle  of  natunil 
election  came  tu  be  ac- know  ledges!,  speculators  liegaci  to 
"setirch  for  the  exptanution  of  thosse  VHriatioiis  %vhicii,  for 
piir[K>sea  of  argument,  liatl  been  provisioriiilly  caJk-^t 
*' stM»ntaneoiis,"  Herbert  Spencer  had  aJl  along  dwell 
on  this  ptmse  of  the  subject,  expounding  the  I^niarck- 
um  cunctfp Lions  of  the  direct  influence  of  the  eiivimn- 
tnent  (an  idea  whicli  had  especially  appealed  to  Buff  on 
and  to  Geoff ruj  Saint- Milaii-e),  and  of  effort  in  resj^onse 
to  environment  and  stimulus  as  modifying  tlic  indiviihi- 
al  organism,  and  thus  supplying  the  basis  for  the  opera- 
tion of  natural  selection.  Uaeckel  also  became  an  adri> 
cate  of  til  is  idea,  and  presently  there  ai^oge  a  so-oatltHl 
;hool  of  neo  Lamarck ians,  which  developed  parttcular 
;rength  and  prominence  in  Americii,  uudvr  the  leadur- 
ship  of  Professors  A.  Hyatt  and  E,  D.  Cope. 

But  just  as  the  tide  of  opinion  u-as  turning  strongly  in 
this  direction,  an  utterly  unexpected  obstacle  ap|>eaiX'd 
in  the  form  of  the  theory  of  Professor  August  Weis- 
mniui,  put  forwanl  in  1883,  which  antagonized  the  Ijn- 
niafckian  conception  (though  not  toucliing  tlie  Darwin- 
ian^  of  which  Weismann  is  a  firm  u}dM>lder)  by  denying 
that  indiviitual  variations,  however  actjuired  by  the  ma- 
ture organism,  are  tmnsmissible.  The  Hurry  which  thn 
denial  created  has  not  yet  altogether  snljsided,  hut  huh« 
sequent  observations  seem  to  show  that  it  was  quite  dis- 
propf}rLionate  to  the  real  merits  of  the  case.  Notwith- 
standing Professor  Weismann's  objections,  the  bahinco 
of  evidence  appeal^  to  favor  the  view  timt  the  Liniarck- 
ian  factor  of  acquii\Hl  variations  stands  as  the  comple- 
ment of  the  llarwinian  factor  of  natural  selection  in  ef- 
fecting the  transmutation  of  species. 
Even  though  this  partial  ex|)lan3tion  of  what  Pro-] 
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fensor  Cope  calla  the  "origin  of  the  Ottest  ■*  be  accepted, 
there  still  remains  one  great  life  problem  which  the  doc* 
trine  of  evolution  does  not  touch.  The  origin  of  S|>ecie8, 
genera,  orders,  and  classes  of  beings  througli  endless 
transmutations  is  in  a  sense  explained  ;  but  what  of  the 
first  term  of  this  long  series?  Whence  came  that  pri- 
mordial organism  whose  transmuted  descendants  make 
up  the  existing  faunas  and  ttoraa  of  the  globe  I 


There  was  a  time,  soon  after  the  doctrine  af  evohition 
gaincHl  a  hearing,  when  the  answer  to  that  question 
seemeil  to  sointi  scientists  of  authority  to  hare  been 
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given  by  experiment.  Recarring  to  a  former  belief,  and 
repeating  some  earlier  ezperiments,  the  director  of  the 
Museum  of  Natural  History  at  Rouen,  M.  F.  A.  Poocbet^ 
reached  the  conclusion  that  organic  beings  are  sponta- 
neously generated  alx>ut  us  constantly,  in  the  familiar 
pnx;esses  of  putrefaction,  which  were  known  to  be  due 
to  the  agency  of  microscopic  bacteria.  But  in  1862 
Ijoms  Pasteur  proved  that  this  seeming  spontaneous 
generation  is  in  reality  due  to  the  existence  of  germs  in 
the  air.  Notwithstanding  the  conclusiveness  of  these 
experiments,  the  claims  of  Pouchet  were  revived  in  Eng- 
land ten  years  later  by  Professor  Bastian ;  but  then  the 
experiintMits  of  John  Tyiidall,  fully  corroborating  the 
results  of  Pasteur,  gave  a  final  quietus  to  the  claim  of 
**  spoiitain'ous  generation"  sis  hitherto  formulated. 

There  for  the  moment  the  matter  rests.  But  the  end 
is  not  y<*t.  Fauna  un<l  flora  are  here,  and,  thanks  to 
Lamaiek  and  Wallnci'  and  Darwin,  their  development, 
tlnough  the  operation  of  those  "secondary  causes" 
whicli  we  call  laws  of  nature,  has  been  proximally  ex- 
plained. The  lowest  forms  of  life  have  been  linked  with 
the  liighest  in  unbroken  chains  of  descent.  Meantime, 
through  the  efforts  of  chemists  and  biologists,  the  gap 
between  the  inorganic  and  the  organic  worlds,  which 
once  s<MMned  almost  infinite,  has  been  constantly  nar- 
rowed. Already  philosophy  can  throw  a  bridge  across 
that  gap.  But  inductive  science,  which  builds  its  own 
))ridges,  has  not  yet  spanned  the  chasm,  small  though  it 
appear.  Until  it  shall  have  <lone  so,  the  bridge  of  or- 
ganic  evolution  is  not  quite  ccmiplete:  yet  even  as  it 
stands  to-day  it  is  the  most  stupentlous  scientific  struct- 
ure of  our  century. 
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The  focal  points  of  the  physiological  world  towards 
the  close  of  the  eighteenth  century  were  Italy  and  Eng- 
land, but  when  Spallanzani  and  Hunter  passed  away  the 
scene  shifted  to  France.  The  time  vvaa  peculiarly  pro- 
pitious, as  the  recent  advances  in  many  hnes  of  science 
had  brought  fresh  data  for  the  student  of  animal  life 
which  were  in  need  of  classilication,  and,  as  several 
minds  capable  of  such  a  task  were  in  the  field,  it  was 
natural  tliat  gn^al  general izut km s  should  have  come  to 
be  quite  the  fastiion.  Thus  it  was  that  Cuvier  came  for- 
ward with  a  brand-new  classification  of  the  animal  king- 
dom, establishing  four  great  types  of  Ijeing,  which  he 
called  vertebrates,  molluscs,  articulates,  and  radiates, 
I^marck  had  sliortly  before  establistied  ttie  broad  dis- 
tinction between  animals  with  and  those  without  a  hack- 
bone;  Cuvier^s  classification  divided  the  latter-^the  in- 
vertebrates— into  three  minor  groups.  And  this  di vis- 
ion j  familiar  ever  since  to  all  students  of  zoology,  has 
only  in  very  recent  years  been  supplanted,  and  then  not 
by  revolution,  but  by  a  further  division,  whicli  the  clab- 
orate  recent  studies  of  lower  forms  of  life  seemed  to 
make  desirable. 
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In  the  course  of  those  studies  of  comparatire  anato- 
my which  le<i  to  his  new  classification,  Cuviers  atten- 
tion was  calle<l  C'^nstantly  to  the  peculiar  co-ordination 
of  {xirts  in  each  individual  organism.  Thus  an  animal 
with  sharp  talons  for  catching  living  prey — as  a  member 
of  the  cat  trilje— has  also  sharp  teeth,  adapted  for  tear- 
ing up  tho  Mt'sh  of  its  victim,  and  a  particular  type  of 
stomach,  r^nite  ilifferent  from  that  of  herbivorous  creat- 
ures. Tills  adaptation  of  all  the  parts  of  the  animal  to 
one  another  extends  to  the  most  diverse  parts  of  the  or 
ganism,  ami  enables  the  skilled  anatomist,  from  the  ob- 
servation of  a  single  typical  part,  to  draw  inferences  as 
to  the  structure  of  the  entire  animal— a  fact  which  was 
of  vast  iii<l  to  C.'uvier  in  his  studies  of  paleontology.  It 
di<l  not  en;iljle  Cuvier,  nor  does  it  enable  any  one  else, 
to  reconstruct  fully  the  extinct  animal  from  observation 
of  a  sin^Hij  l>on<',  as  lias  sometimes  l)een  asserted,  but 
what  it  n;ally  (hx.'S  cstal)lish,  in  the  hands  of  an  exi>ert. 
is  sulfiriently  astonish i^f,^ 

Of  coursr."  this  <Mitire  principle,  in  its  broad  outlines,  is 
Homethiii*:,^  with  wiiich  every  student  of  anatomy  hail 
been  faitiiliar  from  the  time  when  anatomy  was  first 
studied,  but  th(;  full  expression  of  the  *•  law  of  co-ordina- 
tion," as  (/Uvi<M'  called  it,  had  never  been  explicitly  made 
befons  and  notwithstanding  its  seeming  obviousness,  the 
4;x]M)sition  wliic.h  ('uvier  made  of  it  in  the  introduction 
to  his  (^lassi(;al  work  on  com])arativo  anatomy,  which 
waM  published  during  the  first  decade  of  the  century, 
nudes  as  a  great  discovery.  It  is  one  of  those  general- 
izations whi<!h  serve  as  guide-posts  to  other  discover- 
ries. 

Much  tlic!  mmu)  thing  ma\'  be  said  of  another  general- 
ization regarding  the  animal  body,  which  the  brilliant 
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young  Frencli  physician  Mario  Frnnyob  Bichat  mado  in 
calling  attention  to  the  fact  that  each  vertobi'ate  organ- 
ism, including  man,  has  really  two  quite  different  sets  of 


organs— one  set  under  volitional  control,  and  nerving  the 
end  of  locomotion,  the  other  removed  from  volitional 
control,  and  scrying  the  end«  of  the  **  \  ital  proowaiai  ■'  of 
digestioni  a^iiisilation«  and  the  like,  fie  cuiiled  these 
mis  of  of^iM  Uie  animal  nvstctn  and  the  organic  «y«. 
tem^  renpecttvely.  The  dimion  thus  pr^lntod  out  wag 
not  quite  new,  for  c'  '  .rofeiflof  of  |>hy«'  '  ''n 
the  unireniitr  of  ^  .  h&ct  Dirtier  in:>  ^t 

ivas  mtbistAniiAtiy  tlie  Ham«v  ebfu»i/{f;itif>n  of  U>e  functions 
ioto  "^  inientiiJ  or  digestive  ami  exLifrnd  or  Utcom*Aif^  "; 
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but  it  was  Bichafs  exposition  that  gave  currency  to  the 
idea. 

Far  more  iin]K>rtant,  however,  was  another  classificar 
tion  whicli  liiclmt  put  forward  in  his  work  on  anatomy, 
published  just  at  the  l>cginning  of  the  century.  This  was 
the  division  of  all  animal  stmctures  into  what  Bichat 
calle<l  tissues,  and  the  pointing  out  that  there  are  really 
only  a  few  kinds  of  these  in  the  bod}^  making  up  all 
the  diverse  organs.  Thus  muscular  organs  form  one 
system;  membranous  organs  another;  glandular oi^ns 
a  third ;  the  vascular  mechanism  a  fourth,  and  so  on. 
The  distinction  is  so  obvious  that  it  seems  rather  diffi- 
cult to  c<;nceive  that  it  could  have  been  overlooked  by 
tlic  eiirlicsL  anjitr)inists  ;  but,  in  point  of  fact,  it  is  onl}' 
olivious  Ix'cause  now  it  has  been  familiarly  taught  for 
almost  a.  ceutury.  Tt  had  never  been  given  explicit  ex- 
pression In-furc  the  time  of  J>ichat,  though  it  is  said  that 
IJicliat  himself  was  sonir*what  indebted  for  it  to  his  mas- 
ter, the  famous  ali<Miist,  Pinel. 

lloweverthat  may  be.  it  is  certain  that  all  subsequent 
anatomists  have  found  lJi(hat*s  classification  of  the  tisr 
sues  of  the  utmost  value  in  their  studies  of  the  animal 
functions.  Sul)se(|ueMt  advances  were  to  show  that  the 
distinction  l)(?tw(»eu  the  various  tissues  is  not  really  so 
fun<lameutal  as  Bichat  supposed,  but  that  takes  nothing 
from  th(^  practical  value  of  the  famous  classification. 


II 
At  the  same  time  when  these  broad  microscopical  dis- 
tinctions were  being  drawn  there  were  other  workers 
who  were  striving  to  go  even  deeper  into  the  intricacies 
of  the  animal  mechanism  with  the  aid  of  the  microscope. 
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This  undertaking,  however,  was  beset  with  very  great 
optical  difficulties,  and  for  a  long  time  little  advaocu 
was  made  upon  the  work  of  preceding  generations. 
Two  great  optical  barriers,  known  technically  as  spher- 
ical  and  chromatic  aberration — ^the  one  due  tu  a  failure 
of  the  rays  of  light  to  fall  all  in  one  plane  when  focalized 
through  a  lens,  the  other  due  to  the  dispersive  action  of 
the  lens  in  breaking  the  white  light  into  prismatic  col- 
ors— confronted  the  makers  of  microsc<jpic  lenses,  and 
seemed  all  hot  insuperable.  The  making  of  achromatic 
lenses  for  telescopes  had  been  accomplished,  It  is  true^ 
by  Dolland  in  the  previous  century,  by  the  union  of 
lenses  of  crown  glass  with  those  of  flint  glass,  these  two 
materials  having  different  indices  of  refraction  and  dis- 
persion. But,  aside  from  the  mechanical  difficulties 
which  arise  when  the  lens  is  of  the  minute  dimensions 
required  for  use  with  the  microscope,  other  perplexities 
are  introduced  by  the  fact  that  the  use  of  a  wide  pencil 
of  light  is  a  desideratum,  in  order  to  gain  sufficient  illu- 
mi  nation  when  large  magnification  is  to  be  secured. 

In  the  attempt  to  overcome  these  difficulties,  the  fore- 
most physical  philosophers  of  the  time  came  to  the  aid 
of  the  best  opticians.  Very  early  in  the  century,  Dr. 
(afterwards  Sir  David)  Brewster,  the  renowned  Scotch 
physicist,  suggested  that  certain  advantages  might  ac- 
crue from  the  use  of  such  gems  as  have  high  refractive 
and  low  dispersive  indices^  in  place  of  lenses  made  of 
glass.  Accordingly  lenses  were  made  of  diamond,  of 
sapphire,  and  so  on,  ami  with  some  measure  of  success. 
But  in  1812  a  much  more  important  innovation  was  intro- 
duced by  Dn  AVilliam  Hyde  Wolhiston,  one  of  the  great- 
est and  most  versatile,  and  since  the  death  of  Cavendish 
by  far  the  most  eccentric,  of  English  natural  philosopliei's. 

m 


m 


p^^^^^H 

^s^^ 

^^^^^^^^^^^^^^^^^^^^^^^^^^^B 

THE  STOJtV    OF   NiM:' 

This  WAS  the  suggestiou  i 
pluced  at  a  pi-^scnbed  db 
glij  double  cotivt'X  Ions  « 
tion  largely  uvercamo  tl 
gained  itn media  to  fami:  a 

iiistefid  of  ill  front  of  tlio 
thus  equip)>ed.  Dr.  WoUai 
scope.     Di%  Bn.nvater  kii< 
Bame  oljject  might  Ijeattn 
iiig  an  equatorial  groove 
and  tillinjij  the  groove  wi 
nmgoment  found  much  fi 
bo  known  as  a  Coddinjctt 
laid  no  claim  to  h^ing  its 
8ii"  Jolm  llcrsclioh  ano 
of  tlio  tiino,  also  gave  a 
proving  tho  microscope,  i 
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Lo  use  two  plano-convex  leases,  ^M 
stance  apart,  in  lien  of  the  siti-  ^M 
2;en0rally  used.     This  cotubirm-  ^^ 
le  spherical  aljerriition,  and  it  ^J 
B  the  '^  Vn  ollaston  doublet.''        ^M 
To   obviate    loss   of  light  ^1 
m  auch  a  doublet  fncmi  in-  ^j 
crease  of  reflecting  surfaces.  ^M 
Dr.  Brewster  suggested  filK  ^ 
ing  the  interspace   between 
tho  tuo   leasts   with  a   ce- 
ment having  the  same  index  ^M 
of  refraction  as  the   lenses  ^| 
ihemselres  — an     improire-   ^ 
ment    ot    manifest    advan-       J 
tage,    An  improvement  yet  ^H 
more  im})ortant  was    made  ^H 
by    Dr,   Wollaston    hftuself,  H 
in    the   intro<luction    of  the        ] 
diaphragm  to  limit  the  fi<*ld  ^m 
of  vision  between  the  lenses*  ^M 
anterior  lens.    A  pair  of  lenses  ^M 
^Um  called  the  perlscopic  micro-  ^M 
[,rgi*sti^d  that  in  such  a  lens  the  ^| 
ined  with  greater  ease  by  grind-  ^M 
about  a  thick  or  globular  lens  ^M 
th  an  opaque  cement     This  ar-  ^| 
ivor^  and  came  subsequently  to  ^U 
m  lens,  though  Mr.  Ccxldington  ^M 
inventor.                                       ^H 
ther  of  the  very  great  physicists  ^B 
ttention  to  the  problem  of  im-      1 
md  in  tS2l  he  Introduced  wbiil^H 
d2Q                                             ^1 
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was  called  an  apliinatic  combination  of  lenses,  in  which, 
as  the  name  implies^  the  spherical  aberralion  was  largely 
tlone  away  with.  It  was  thoug-ht  that  the  use  of  this 
ilerschel  aplanatic  couibioation  as  an  eye -piece,  com- 
bined  with  the  Wolkiston  doublet  for  the  objective,  came 
as  near  perfection  as  the  compound  microscope  was  like- 
ly soon  to  come.  But  in  reality  the  instrument  thus 
constructed  J  though  doubtless  superior  to  any  predeces- 
sor»  was  so  defective  that  for  practical  jiurjioses  tlie  sim- 
ple microscope,  suub  as  the  doublet  or  the  Coddington, 
was  preferable  to  the  more  complicated  one. 

Many  opticians,  indeed,  quite  despaired  of  ever  being 
able  to  make  a  satisfactory  refracting  corapfjutid  micro- 
scope, and  some  of  them  had  taken  up  anew  Sir  Isaac 
Kew ton's  suggestion  in  reference  to  u  reHecLlng  micro- 
scope-  In  particular,  Trofessor  Giovanni  Battista  Amici, 
a  very  famous  mathematician  and  practical  optician  of 
Modena,  succeedcti  in  constructing  a  reflecting  micro- 
scojie  which  was  said  to  be  superior  to  any  compound 
iidcrosciipe  of  the  time,  though  the  events  of  the  ensu- 
ing years  were  destined  to  rob  it  of  all  but  historical 
value.  For  there  were  others,  fortunately,  who  did  not 
despair  of  the  poesibilities  of  the  refracting  microscope, 
and  their  efforts  were  destined  before  huig  to  be  crowned 
with  a  degree  of  success  not  even  dreamed  of  by  any 
preceding  generation. 

Tbe  man  to  whom  chief  credit  is  due  for  directing 
those  final  steps  tlmt  made  the  comjjound  microscope  a 
practical  implement  instead  of  a  scientific  toy  was  the 
Knglish  amateur  optician  Joseph  Jackson  Lister*  Com- 
bining mathematical  knowledge  with  mechanical  ingenu- 
ity, anil  having  the  practical  aid  of  the  celebrateil  opti- 
cinn  Tulloy,  he  devised  ft>rmul©  for  the  combination 
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of  lenses  of  crown  glass  with  others  of  flint  glass,  so 
adjusted  that  the  refractive  errors  of  one  were  oorrected 
or  compensated  by  the  other,  with  the  result  of  produc- 
ing lenses  of  hitherto  unequalled  powers  of  definition; 
lenses  capable  of  showing  an  image  highly  magnified, 
yet  relatively  free  from  those  distortions  and  fringes  of 
color  that  had  heretofore  been  so  disastrous  to  true  in- 
terpretation of  magnified  structures. 

Lister  had  begun  his  studies  of  the  lens  in  1824, 
but  it  was  not  until  1S30  that  he  contributed  to  the 
Royal  Society  the  famous  paper  detailing  his  theories 
and  experiments.  Soon  after  this  various  Continental 
opticians  who  had  long  been  working  along  similar  lines 
took  the  matter  up,  and  iheir  expositions,  in  particular 
that  of  Aniici,  introduced  the  improved  compound  mi- 
croscope to  the  attenticjn  of  microscopists  everywhere. 
And  it  rcijuired  but  llie  most  ciisual  trial  to  convince 
the  experienced  observei-s  that  a  new  implement  of  sci- 
entific research  had  been  placed  in  their  hands  which 
carried  them  a  lon*^  step  nearer  the  observation  of  the 
intimate  |)hysical  processes  which  lie  at  the  foundation 
of  vital  pheiioiuena.  For  the  physiologist,  this  perfec- 
tion of  the  compound  microscope  had  the  same  signifi- 
cance that  the  discovery  of  America  had  for  the  fifteenth- 
century  geographers  —  it  promised  a  veritable  world  of 
utterly  novel  revelations.  Nor  was  the  fulfilment  of 
that  promise  long  delayed. 


iir 

Indee<l,  so  numerous  and  so  important  were  the  dis- 
coveries now  made  in  the  realm  of  minute  anatomy  that 
the  rise  of  histology  to  the  rank  of  an  independent  sci- 
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ence  may  be  said  to  date  from  this  period,  Hitberto^ 
ever  since  the  discovery  of  magnifying -glasses,  there 
biid  been  here  and  there  a  man,  such  as  LeuweDboek  or 
Malpigbi,  gifted  with  exceptional  visioDj  and  perhaps 
unusually  happy  in  his  conjectures,  who  made  important 
contributions  to  the  knowledge  of  the  minute  structure 
of  organic  tissues ;  but  now  of  u  sudden  it  became  pos 
sible  for  the  veriest  tyro  to  confirm  or  refute  the  la- 
borious observations  of  these  pioneersj  while  the  skilled 
observer  could  step  easily  beyond  the  barriers  of  vision 
hitherto  quite  impassable.  And  so,  natumllj^  enough, 
the  physiologists  of  the  fourth  decade  of  our  century 
rushed  as  eagerly  into  the  new  realm  of  the  microscope 
as,  for  example,  their  successors  of  to-day  are  exploring 
the  realm  of  the  X  ray. 

Lister  himself,  who  had  become  an  eager  interrogator 
of  the  instrument  lie  had  perfected,  made  many  impor- 
tant discoveries,  the  most  notable  being  bis  final  set- 
tlement of  tbe  long -mooted  question  as  to  the  true 
form  of  the  red  corpuscles  of  the  human  blood.  In 
reality  J  as  everybody  knows  nowadays,  these  are  bicon- 
cave disks,  but  owing  to  their  peculiar  figure  it  is  easily 
l>ossible  to  misinterpret  the  appearances  they  present 
when  seen  through  a  poor  lens,  and  though  T>r.  Thomas 
Young  and  various  other  observers  had  come  very  near 
the  truth  regarding  them,  unanimity  of  opinion  was  pos- 
sible only  after  the  verdict  of  the  perfected  microscope 
was  given. 

These  blood  corpuscles  are  so  infinitesimal  in  si^e  that 
something  like  five  millions  of  them  are  found  in  each 
cubic  millimetre  of  the  blood,  yet  they  are  isolates!  par- 
ticlesj  oach  having,  so  to  sjieak,  its  own  fKjrsonallty, 
This,  of  course^  had  been  known  to  microscopists  siuoo 
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i\m  iluv»  of  the  eurljest  leases.  It  bad  been  noticed^ 
too,  by  here  and  there  an  oKserver,  tbat  cerUiin  of  the 
8olkl  tisMties  seemijd  U>  |>rt»st*!it  smu  -  of  a  grmtiular 

texture,  as  if  tijey  tuo,  in  their  u  .  -  .  u  coostittilioii, 
were  made  up  of  [>artjele8.  And  now^as  better  and  bet^ 
ter  lenses  were  constructed,  this  idt'a  gained  ground 
constantly,  though  for  a  time  no  one  saw  its  full  gignir 
icjince-  In  tlio  case  of  vegetable  tissue*^  indec*!.  the  fact 
that  littUi  particles  encjised  in  a  memhranons  covering, 
nnd  called  cells,  are  the  uUinuiti*  vtsdde  units  of  struct* 

ure  luid  hjng*  ljt?eii  known. 
Hut  it  was  supposed  that 
animal  tissues  ditTtre*!  radi- 
cally fr*>Tn  tliis  construction. 
The  elementary  parLtcles  o( 
vegetJibles  '*  were  regarded 
to  a  certain  extent  as  indi- 
viduals which  coinpiised  I  he 
entire  plant,  while,  on  the 
other  hand,  no  such  view 
w  jisiuken  uf  the  elementary 
parts  of  animals.'" 

In  the  year  1  s33  a  further 
insight  into  the  nature  of  the 
ultimate  particles  of  plants 
wjis  gained  through  the  ob- 
§ervatiori  ot  tlie  English  micraseopist  RoI>ei"t  Brown, 
who,  in  the  course  of  hiii  tnicroseopie  slLidies  of  the  epi- 
dormiii  of  orchids,  discovered  in  tlie  cells  "an  oimipie 
spot,"  which  ht^  named  the  nucleus.  Dniihtless  the  same 
"ftjxit"  hatl  l)ccn  scon  often  enough  belorc  by  otljcr  oU- 
.Hervet*s,  but  Hrowti  ^vtts  tlie  first  to  recognize  it  as  it 
component  part  of  the  vegetable  ceil,  and  to  give  it 
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a  name.  That  tbis  novviy  recognized  structure  must  be 
jmjxjrtant  in  tlie  economy  o(  the  cell  was  recognized  by 
Bi-owii  himself,  and  by  tbe  celebrated  German  Meyen, 
who  dealt  with  it  in  his  work  on  vegetable  physiology, 
[mblisiied  nut  lung  afterwarda;  but  it  remained  for  an- 
other Gorman,  the  professor  of  botany  in  the  university 
of  .Jena,  Dr  M.  J,  Schletden,  to  bring  the  nucleus  to 
popular  atturitionj  and  to  assert  its  alMmportaoce  iu  the 
economy  of  the  cell. 

Sclileiden  freely  acknowledged  his  indebtcnluess  to 
Brown  for  first  knowledge  of  the  nucleus,  but  be  soon 
cfirried  bis  studies  of  that  structure  far  beyund  those  of 
its  discoverer.  lie  came  to  believe  that  the  nucleus  is 
really  the  mast  iniportaut  |>ortion  of  the  cell,  in  that  it 
is  the  original  structure  from  which  tho  remainder  of 
the  cell  is  developed.  Hence  he  named  it  the  cytoblast. 
He  outlined  lib  views  in  an  eptxsbul  paper  publisfied  in 
Mailers  Am/tivt'^  in  1838,  under  title  of  **  Beitrage  zur 
Pbytogenesis/'  This  paper  is  in  itself  of  value,  yet  the 
most  important  outgrowth  of  Schleiden's  observations  of 
the  nucleus  did  not  spring  from  his  own  labors,  but  from 
those  of  a  friend  to  whom  he  mentioned  his  discoveries 
the  year  previous  to  their  publication.  Thi^  friend  was 
Dr.  Theodor  Seliwaim,  professor  of  physiology  in  the 
university  of  Lou  vain. 

At  the  moment  when  thest*  observations  were  coin- 
municjited  to  him  Schwann  was  puzzling  over  certain 
details  of  animal  histology  which  he  could  not  clearly 
explain.  His  great  teacher,  Johannes  Mullor,  had  called 
attention  to  the  strange  resemblance  to  vegetable  cells 
shown  by  certain  cells  of  the  clioitla  dorsalis  (the  em- 
bryonic cnni  fruru  which  ttje  s[nmil  column  ia  devel- 
oped), and  Schwann  himself  had  discovered  a  corre- 
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gpooding  similarity  in  the  branchial  cartilage  of  a  tad* 
pole.  Then,  too,  tbe  researches  of  Friedrich  Honle  bad 
shown  that  the  particles  that  make  up  the  <  '  nia 
animats  arc  xcry  ceil-like  in  appearance,  ;,  tl 

celMike  character  of  certain  animal  tissues  bad  como 
l>e  matter  of  cummoti  note  among  students  of  minu( 
anatomy.    Schwann  felt  that  this  simdarity  could  m 
be  mere  coinctdence,  but  be   bad  gained   no  clew 
further  insight  until  Bchleidon  called  his  attention 
the  nucleus.    Then  at  onoe  he  reasoneil  that  if  thei 
really  is  the  cori'esiKjndenoe  between  vegetablo  and  anl 
ma!  tissues  that  be  snsp6€ted,  and  if  the  imdeus  is  so  ii 
portant  in  the  vegetable  cell  as  Schleiden  believed, 
nucleus  should  also  bo  found  in  the  ultimate  ])airticles 
animal  tissues. 

Schwann's  researches  soon  showed  the  entire  oon 
ness  of  ttrts  assumption.  A  closer  study  of  animal  tii 
sues  under  the  microscope  showed,  particularly  in  th 
case  of  embryonic  tissues,  that  "  opaque  spots  **  such 
Schleiden  described  are  really  to  be  f*»und  thero 
abundance— formin*^,  indeed,  a  most  characteristic  pirns 
of  the  structure.  The  location  of  these  nuclei  at  coi 
paratively  regular  intervals  suggested  that  they  ai 
found  in  definite  compartments  of  the  tisstie^as  Sehleid^ 
had  shown  to  he  the  case  with  vegetables;  indeed,  th 
walls  that  separated  such  cell- like  oompartmentson«  froi 
another  were  In  some  cases  visible.  Particularly  wi 
this  found  to  be  the  case  with  embryonic  tissues^  a n^ 
the  study  of  these  soon  convinced  Schwann  that  hi 
original  surmise  bad  been  correct,  and  that  all  animi 
tissues  are  in  tlieir  ineipiency  composed  of  particles  n* 
unlike  the  ultimate  particles  of  vegetables— in  short, 
what  the  botanists  termed  cells.    Adopting  this  nai 


tLA^Rh   ttRKST  VON    liAEK 


I'HCKIRESS   IN   ANATOMY    AND   PHYSIOLOGY 

Schwann  propoumled  what  soon  became  famous  as  his 
^ft  cell  theory,  under  title  of  Mikrmkoj/fse/te  UtiUnnw/iim' 
^^^en.  liber  die  Ueheremditfimufuj  in  dcr  Strttctur  mid 
^mdem  Witehsthum  der  Tkierewid  Pjlumen,  So  expeditious 
^Hhad  been  bis  work^  that  this  book  was  published  ^arly 
^^in   1839,  onlj  a  few  months  after  the  appearance  of 

Schleiden's  paper. 
!  As  the  title  suggests,  the  mam  idea  that  actuated 

I  Schwann  was  to  unify  vegetable  and  animal  tissues. 
[  Accepting  cell  structure  as  tbe  basis  of  all  vegetable 
tissues^  he  sought  to  show  that  the  same  is  true  of  ani- 
mal tissues,  all  the  seeming  diversities  of  fibre  being  but 
I  the  alteration  and  developTnent  of  what  were  originally 
^^  simple  eel  Is*  And  by  cell  8ch  wann  meant,  as  ditl  Scldei- 
^■den  also,  what  the  word  onlinarily  implies  —  a  cavity 
^f  walled  in  on  all  sides.  He  conceived  that  the  ultimate 
^  constitut^nts  of  all  tissues  were  really  such  minute  cavi- 
-  ties,  the  most  important  part  of  which  was  the  cell  wall, 
^Awith  its  associated  nucleus.  He  knew,  indeed,  that  the 
^^cell  might  be  filled  with  fluid  cM>ntents,  but  he  regarde<l 
I  these  as  relatively  subordinate  in  importance  to  the  wall 
B  itself.  This,  however,  did  not  apply  to  the  nucleus, 
"  whicti  was  su(>[iosed  to  He  against  the  cell  wall,  and  in  the 

^ beginning  to  generate  it.  Subsequently  the  wall  miglit 
grow  so  rapidly  as  to  dissociate  itself  from  its  contents, 
^09  becoming  a  hollow  bubble  or  true  cell ;  but  the 
Ttuclens,  as  long  as  it  lastetl,  was  supposed  to  continue  in 
^^  contact  with  the  cell  wall  Schloidon  had  even  sup|iosed 
^■ilie  nucleus  to  be  a  constituent  ])art  of  the  wall,  some- 
^^  times  lying  one Infiod  between  two  layers  of  its  substance, 
,  and  Schwann  quoted  this  view  with  seeming  approval, 
j  Schwann  believed,  however,  that  in  the  mature  cell  th© 
nucleus  ceased  to  t)e  functional,  and  disappeared, 
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The  main  thesis  as  to  the  similarity  of  development 
of  vegetable  and  animal  tissues,  and  the  cellular  nature 
of  the  ultimate  constitution  of  both,  was  supported  by  a 
mass  of  carefully  gathered  evidence  which  a  multitude 
of  microscopists  at  once  confirmed,  so  Schwann^s  work 
became  a  classic  almost  from  the  moment  of  its  publi- 
cation. Of  course  various  other  workers  at  once  dis- 
puted Schwann's  claim  to  priorityof  discovery, in  particu- 
lar the  English  niicroscopist  Valentin,  who  asserted,  not 
without  some  show  of  justice,  that  he  was  working 
closely  along  the  same  lines.  But  so,  for  that  matter, 
were  numerous  others,  as  Ilenle,  Turpin,  Dumortier, 
Purkinje,  and  Muller,allof  whom  Schwann  himself  had 
(]uoto(l.  Moreover,  there  were  various  physiologists  who 
earlier  than  any  of  these  had  foreshadowed  the  cell  the- 
ory ;  notably  Kaspar  Fried  rich  "WolflF,  towards  the  close 
of  the  previous  century,  and  Treviranus  about  1807. 
Hut,  as  we  have  seen  in  so  many  other  departments  of 
science,  it  is  one  thin«^  to  foreshadow  a  discovery,  it  is 
quite  another  to  give  it  full  expression  and  make  it 
germinal  of  other  discoveries.  And  when  Schwann  put 
forward  the  ex])lieit  claim  that  "  there  is  one  universal 
principle  of  development  for  the  elementary  parts  of 
organisms,  however  ditTerent,  and  this  principle  is  the 
formation  of  cells/'  he  enunciated  a  doctrine  which  was 
for  all  practical  purposes  absolutely  new,  and  openeil 
up  a  novel  field  for  the  niicroscopist  to  enter.  A  most 
important  era  in  physiology  dates  from  the  publication 
of  his  book  in  1839. 

IV 

That  Schwann  should  have  gone  to  embryonic  tissues 
for  the  establishment  of  his  ideas  was  no  doubt  due  very 
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Uirgely  to  the  influence  of  the  great  Russian,  Karl  Ernst 
von  Baer,  who  about  ten  years  earlier  had  published  the 
first  part  of  his  celebrated  work  on  embryology,  and 
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whose  ideas  were  rapidly  gaining  ground,  thanks  large- 
ly to  the  advocacy  of  a  few  men^  notably  Johannes  Miil- 
ler  in  Germany^  and  William  B.  Carpenter  in  England, 
and  to  the  fact  tliat  the  improved  microscope  bad  made 
minute  anatomy  popular,  Schwann's  researches  made 
it  plain  that  the  best  field  for  the  study  of  the  animal 
cell  is  here*  and  a  host  of  explorers  entered  the  field. 
The  result  of  their  observations  was*  in  the  main,  to  con- 
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firm  the  claims  of  Schwann  as  to  the  universal  prev- 
alence of  the  cell.  The  long-current  idea  that  animal 
tissues  grow  only  as  a  sort  of  deposit  from  the  blood- 
vessels was  now  discarded,  and  the  fact  of  so-called 
plant-like  growth  of  animal  cells,  for  which  Schwann 
contended,  was  universally  accepted.  Yet  the  full 
measure  of  the  affinity  between  the  two  classes  of  cells 
was  not  for  some  time  generally  apprehended. 

Indeed,  since  the  substance  that  composes  the  cell 
walls  of  plants  is  manifestly  very  different  from  the 
limiting  membrane  of  the  animal  cell,  it  was  natural,  so 
long  as  the  wall  was  considered  the  most  essential  part 
of  the  structure,  that  the  divergence  between  the  two 
classes  of  cells  should  seem  very  pronouncetl.  And  for 
a  time  this  was  the  conception  of  tlie  matter  that  was 
uniformly  accepted.  Hut  as  time  went  on  many  ob- 
servers had  their  attention  called  to  the  peculiar  char- 
acteristics of  the  contents  of  the  cell,  and  were  led  to 
ask  themselves  whether  these  might  not  be  more  im- 
portant tlian  had  been  supposetl.  In  particular  Dr. 
Hugo  von  Mohl,  professor  of  botany  in  the  univei*sity  of 
Tubingen,  in  the  course  of  his  exhaustive  studies  of  the 
vegetable  cell,  was  impressed  with  the  |>eculiar  and 
characteristic  appearance  of  the  cell  contents.  lie  ob- 
served universally  within  the  cell  "  an  opaque,  viscid 
fluid,  having  granules  intermingled  in  it,"  which  made 
up  the  main  substance  of  the  cell,  and  which  particular- 
ly impressed  him  because  under  certain  conditions  it 
could  be  seen  to  be  actively  in  motion,  its  parts  sep- 
arated into  filamentous  streams. 

Von  Mohl  called  attention  to  the  fact  that  this  mo- 
tion of  the  cell  contents  had  been  observed  as  long  ago 
as  1774  by  Bonaventura  Corti,  and  rediscovered  in  1807 
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by  Treviranus,  and  that  these  observers  had  described 
the  phenomenon  under  the  "  most  unsuitable  name  of 
^  rotation  of  tlie  cell  sup/  "  Yon  Mobl  recognized  that 
the  streaming  substance  was 
something  Lpiite  diiferent 
froni  sap.  lie  asserted  that 
the  nucleus  of  the  cell  lies 
^vitbin  this  substance,  and 
not  attached  to  the  cell  wall 
as  Schleiden  had  contended. 
He  saw,  too,  that  the  cblo- 
rophyl  granules,  and  all 
other  of  the  cell  contents, 
are  incorporated  with  the 
'* opaque,  viscid  fluid,"  and 
in  1846  he  had  become  so 
impressed  with  tlie  impor- 
tance of  this  univei'Kal  cell 
sulMance  that  he  gave  it 
the  name  of  protoplasm.  Vet  in  so  doing  he  bad  no  inten- 
tion of  subonbnating  the  cell  wall  The  fact  that  Payen 
in  18W»  had  demonstnited  that  the  cell  walls  of  all  vege- 
tables, high  or  low,  are  comyiosed  largely  of  one  sub- 
stance, cellulose,  tended  to  strengthen  the  position  of 
tbo  cell  wall  as  the  really  essential  structure,  of  which 
the  protoplasmic  contents  were  only  subsidiary  prod- 
ucts. 

Meantime,  however*  the  students  of  animal  histology 
were  more  and  more  impressed  with  tlie  seeming  pre- 
ponderance of  cell  contents  over  cell  walls  in  the  tissues 
tbey  studietl.  They  too  found  the  cell  to  be  filled  with 
a  viscid,  slimy  Huid,  eajmblo  of  motion.  To  this  Du- 
jarrlin  gave  the  name  of  «irc*xle.     Presently  it  came  to 
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be  known,  through  the  laljors  of  KnlUker,  Nij^i^ 
choiT;  and  various  others,  that  there  are  titinierous  Iow< 
fornix  of  anitnai  ttfe  winch  seem  to  b^  coinpusetl  of  ibj 
sarcoile,  without  any   cell   watl    whatever.     The 
thing  seemed  to  be  true  of  certain  cells  of  higher  orgai 
isuis,  as  the  blood  corjjiiscles.     Particular! v  in  the  cai 
of  ceJls  that  change  thuir  shape  uiurketil\%  moving  aboul 
in  consecjuence  of  the  streaming  of  their  SHircode,  did  11 
seem  certain  that  no  cell  wal!  is  present;  or  tbat»  if  pres- 
ent, its  role  must  be  insignificant. 

And  so  liistologista  cariie  to  question  whether,  aftel 
all,  the  cell  contents  ntllier  than  the  enclot^ing  wall  musl 
not  be  the  really  essential  structure,  and  the  weight  o| 
increasing  observations  finally  left  no  t^scafie  from  tb^ 
conclusion  that  such  is  n^iilly  the  case.     But  atlentiui 
being  thus  focalized  on  the  cell  contents,  it  was  at  oiM 
apparent  tliat  there  is  a  far  closer  similarity  betwoei 
the  ultimate  particles  of  vegt*tal*lt^s  antl   ibose  of  ani^ 
inals  than   liad  boen  supijosed,    tVlluk»se  and  animal 
TnemV>n\n«  being  now  regardwl  us  mere  bv-pruduci*,  th^ 
way  was  clear  for  the  reci ignition  of  the  fact  thfit  ve| 
etable  protoplasm  and  animal  sarcode  ai-e  marvel Ujusly 
similar  in  appearance  and  general  properties.   The  closei 
the  observation  the  more  striking  roomed  tbig  similar^ 
itj^;  and   finaliy,  about  1  Slid,  it  wns  ilenionstrated   hi 
lleinrieh  de  Bary  and  by  Max  Scbnltze  that  the  two  arol 
to  all  intents  and  purpos«*s  identical.     Even  earlier  R»>| 
male  had  readied  a  similar  conclusion,  ami  applleil  von 
MohPs  wortl  protoplasm  to  animal  cell  contents,  and 
now  this  application  soon  became  nniversid.     Thence 
forth  this  protoplasm  was  to  assume  the  utmost  imj>or 
tance  in  the  physiological  world,  lieing  recognized  as  the 
universal  '*  physical  basis  of  life,'*  vegetable  and  animal 

340 


liJUt  i»CH0l<TZS 


Ijll^ 


I'HBKKWvSlJir 

mucmRm 


§tm 


'vr<*T> 


PROGRESS   IN   ANATOMY   AND  PHYSIOLOGY 


alike.  This  amounted  to  the  Logical  extension  and  oul- 
mi nation  of  Schwann's  doctrine  as  to  the  similarity  of 
development  of  the  two  animate  kingdoms^  Yet  at  the 
same  time  it  was  in  effect  the  banishment  of  the  cell 
that  Schwa nti  had  defined.  The  word  cell  was  Fetained^ 
it  is  true,  hut  it  no  longer  signified  a  minute  cavity.  It 
now  implied,  as  SchuUze  defined  it,  "  a  small  mass  of 
piHitopEasm  endowed  with  the  attributes  of  life."  This 
definition  was  destinml  presently  to  meet  with  yet  an- 
other modification,  us  wo  shall  see ;  but  tlie  conception 
of  the  protopUismic  mass  as  the  essential  uUi  mate  struct- 
ure, whicli  might  or  might  not  surround  itself  with  a 
protective  covering,  was  a  |wrmanent  addition  to  pliysi- 
ological  knowledge.  The  earlier  idea  had,  in  effect,  de- 
clared the  shell  the  most  important  part  of  the  egg; 
this  develojied  view, assigned  to  the  yolk  its  true  posi- 
tion. 

In  one  other  important  regard  the  theory  of  Schleiden 
and  Schwann  now  became  modified.  This  referred  to 
the  origin  of  the  cell  Schwann  had  regartled  cell 
growth  as  a  kind  of  crystallization,  beginning  with  the 
deposit  of  a  nucleus  about  a  granule  in  the  intercellular 
substance  — the  cytohlastema,  iis  Schleiden  called  it. 
But  von  Mohl,  as  early  as  1S35,  had  called  attention  to 
the  formation  of  new  vugotable  cells  through  the  divis- 
ion of  &  pre-existing  cell.  Ehrenberg,  another  high  au- 
tborily  of  th«3  time,  con  tend  eil  that  no  such  division  oc- 
curs, and  tlie  matter  was  still  in  disunite  when  Schleiden 
came  forward  with  his  discovery  of  so-called  free  cell 
formation  within  tlie  parent  cell,  and  this  for  a  long 
time  diverted  attention  from  the  process  of  division 
which  von  MoIjI  had  described.  All  maTiner  of  schemes 
of  cell  formation  were  put  forward  during  the  ensuing 
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years  by  a  muUlttide  of  obsarvers,  and  giiinec^l  carren 
Iiotvrithstanilmg  von  MohPs  reiterated  cont^ntioa  thai 
there  are  really  but  two  ways  in  which  tlm  fi*riiiatio 
of  new  cells  takes  place,  namely,  "first,  thrott^  cli 
ion  of  oki«r  colls ;  secondly,  through  the  formation 
secondary  cells  lying  free  in  the  cavity  of  a  cell." 


m 


But  gradually  the  researches  of  such  accurate  obser 
el's   as   ITnger,  Niigeli,  Knlliker,  Ileichart,  and    Rema] 
tended  to  confirm  the  opinion  nf  von  Mohl  that  c^l] 
spring  only    from  cells,  and   finally   Rudolf  Yirchoi 
brought  the  matter  to  demonstration  about  li^dO. 
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Omnia  ceUtda  e  vdlula  became  from  that  time  one  of 
the  accepted  data  of  physiology.  This  was  supplemeat- 
ed  a  little  litter  by  Fleming's  Omnia  nudeus  e  nueleoy 
wlieii  still  more  refined  methods  of  observation  had 
shown  that  the  part  of  the  cell  which  always  first  under- 
goes change  preparatory  to  new  cell  formation  is  the  all- 
essential  nucleus.  Thus  the  nucleus  was  restored  to  the 
important  position  which  Schwann  and  Schleiden  had 
giren  it,  but  with  greatly  altered  significance.  Instead 
of  being  a  structure  generated  t/t'  tiovo  from  non-celhdar 
substance,  and  disapjiearing  as  soon  as  its  function  of 
coil-formation  was  accomplished,  the  nucleus  was  now 
known  as  the  central  and  permanent  feature  of  every 
cell,  indestructible  while  the  cell  lives;  itself  the  divis- 
ionproiluct  of  a  pre-existing  nucleus,  and  the  parent,  by 
division  of  its  substance,  of  other  generations  of  nuclei. 
The  word  cell  received  a  final  definition  as** a  small 
mass  of  protoplasm  supplied  with  a  nucleus/'' 

In  this  widened  and  culminating  general  view  of  the 
cell  theory  it  became  clear  ttiat  every  animate  organism, 
animal  ur  vegetjtble,  is  but  a  cluster  of  nucleated  cells,  all 
of  wh  tell  J  n  each  intiividual  case,  are  the  direct  descendants 
of  a  single  primordial  cell  of  the  ovum.  In  the  devel- 
oped  individuals  of  higher  organisms  the  successive  gen- 
erations of  cells  become  marvellously  diversifietl  in  form 
and  iu  specific  functions;  there  is  a  wonderful  division 
of  labor,  special  functions  being  chiefly  relegated  to  defi- 
nite groU|is  of  cells;  but  from  first  to  last  there  is  no 
function  developed  that  is  not  present,  in  a  primitive 
way,  in  every  cell,  however  isolate<l ;  nor  does  the  de- 
veloped cell,  howevitr  s|)eciali?;ed,  ever  forget  altogether 
any  one  of  Its  primordial  functions  or  cai>acities.  All 
phymology»  then,  properly  interpreted,  bccomca  merely 
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was  brought  witbin  the  recognized  ppov^ince  of  the 
chemist*  So  at  about  the  time  when  the  microscope 
had  taught  thai  the  cell  is  the  really  essential  structure 
of  the  living^  orgaoism,  the  chemists  had  come  to  umier- 
stand  that  every  function  of  the  organism  is  really  the 
expression  of  a  chemical  change — that  each  cell  is,  in 
short,  a  miniature  chemical  laboratory.  And  it  was 
this  combined  point  of  view  of  anatomist  and  chemist, 
this  union  of  hitherto  dissociated  forces,  tliat  made  pos- 
sible tfie  innuuls  into  the  unexplored  iields  of  physi- 
ology tliat  wei-e  effected  towards  the  middle  of  our  cen- 
tury. 

One  of  the  tirst  subjects  reinvestigated  and  brought 
to  proximal  solution  was  tlio  long-mooted  question  of 
the  digestion  of  fooils.  Spallanzani  ami  Hunter  had 
shown  in  the  previous  century  that  digestion  is  in  some 
sort  a  solution  of  foods;  but  little  advance  was  made 
upon  their  work  until  1S24,  when  Prout  detected  the 
presence  of  hydrochloric  acid  in  the  gastric  juice*  A 
decade  later  Spmtt  and  Boyd  detected  the  existence  of 
jwculrar  glands  in  the  gastric  mucous  membrane;  and 
Cagniard  la  Tour  and  Schwann  independently  diacov^ 
ered  that  the  really  active  principle  of  the  gastric  juice 
is  a  substance  which  was  named  jiepsin,  and  vvhicli  was 
shown  by  Schwann  to  be  active  in  the  presence  of  hy- 
drochloric acid. 

Almost  coincidently,  in  183f>,  it  was  discovered  by 
Purkinje  and  Tappenheira  that  another  organ  than  the 
stomach— the  pancreas*  namely— has  a  share  in  diges- 
tion ^  and  in  the  course  of  the  ensuing  decade  it  came  to 
be  known,  through  the  efforts  of  Eterle,  Valentin,  and 
Claude  Bernard,  that  this  organ  Is  alhimportant  in  the 
digestion  of  starchy  and  fatty  foods.    It  was  found,  too, 

847 


THE  STOUY  OF  NINKTEENTH-CENTUKV  SClESi 


that  the  liver  and  the  intestinal  glands  bare  each  an  iiii* 
portiint  share  in  tfie  work  of  prejmring  fooris  for  ahs( 
UoD,  Hs  also  bus  the  saliva— that,  in  short,  a  coalitioi 
forces  is  necessary  for  the  digestion  of  all  ordinary 
taken  into  the  stomach. 

And  iho  chemists  ^on  discovere*!  Lhat  in  e^ich  one 
the  essontiftl  digt'stivo  juices  there  in  at  Umst  one  si 
stance  having  certain  resemblances  to  ])opsin,  tboi 
acting  on  different  kinds  of  food.     Tfie  fiotnt  of  res< 
blanee  Ijefcweeti  all  these  essential  digestiie  a^ats 
that  ©iich  has  the   remarkablo  property  of  acting  oi 
relatively  enormous  quantities  of  the  sulistanco  whi 
It  can  digest  without  itself  being  destroyod  or  npf>*irri 
ly  even  altereil.      In  virtue  of  this  strange   jiroiKU^tj 
pepsin  and  the  allied  substances  were  spoken  of  as  U 
nients,  but  more  recently  it  is  customary  to  disting-uf 
them  from  such  organized  ferments  as  yeast  by  tlesij 
nating  them  enzymes.    The  isolation  of  these  cnzyriK 
and  an  appreciation  of  their  mode  of  action,  mark 
long  step  towards  the  solution  of  the  riddle  of  di 
but  it  must  be  added  that  we  are  jstill  quite  in  1 1 
as  to  the  real  ultimate  nature  of  their  strange  activityJ 

In  a  compreheusive  view,  the  digestive  organs,  tak< 
as  a  whole,  are  a  guteivay  between  the  outside  worl 
and  the  more  intimate  cells  of  the  organism.      Anoth^ 
equally  important  gateway  is  furnished  by  the  lun| 
and  here  also  there  was  much  obscurity  about  the  exaf 
method  of  functioning  at  the  time  of  tbo  revival  of  phv; 
iological  chemistry.     That  oxygen  is  consumed   ai 
carljonic  acid  given  off  during  respiration  the  cliemiai 
of  the  age  of  Priestley  and  Lavoisier  had  indee*!  ma« 
clear,  but  the  mistaken  notion  prevailed  that  it  was 
the  lungs  themselves  that  the  important  burning  of  fi 
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(jccui^,  of  which  carbonic  acid  is  a  chieJ'  product.  But 
novv  that  attention  had  been  called  to  the  importtince  of 
the  ultimate  cell,  this  raisconceptiori  could  not  long  hold 
its  ground,  and  as  early  as  184:2  Liebig,  in  the  course  of 
his  studies  of  aDimal  heat^  became  convinced  that  it  is 
not  in  the  lungs,  but  in  the  ultimate  tissues  to  ivhicli 
the}'  are  tHbutary,  that  the  true  consumption  of  fut;! 
takes  place»  Reviving  Lavoisier's  idea^  with  modifica- 
tions and  additions,  Liebig  contended,  and  in  the  face 
of  opposition  finally  demonstrated,  that  the  source  of 
animal  lieat  is  really  the  consumption  of  tlie  fuel  taken 
in  through  the  stomach  and  the  lungs.  He  showed 
that  all  the  activities  of  life  are  really  the  product  of 
energy  liberated  solely  through  destructive  processes, 
amounting,  broadly  speaking,  to  combustion  occurring 
in  tlie  ultimate  cells  of  the  organism* 

¥\irther  researches  showeti  that  the  carriers  of  oxy- 
gen, from  the  time  of  its  absorption  in  the  lungs  till  its 
li}>eration  in  the  ultimate  tissues,  are  the  md  corpuscles^ 
whose  function  had  b&en  supposctl  to  be  the  mechanical 
one  of  mixing  of  the  blood.  It  transpired  that  the  red 
corpuscles  are  composed  chiefly  of  a  substance  which 
Kiilme  first  isolateil  in  crystalline  form  in  18G5,  and 
whicli  was  named  haemoglobin— a  substance  which  has 
a  marvellous  affinity  for  oxygen,  seizing  on  it  eagerly 
at  the  lungs,  yet  giving  it  up  with  equal  readiness  when 
cnurging  among  the  remote  cells  of  the  liody.  When 
freighted  with  oxygen  it  becomes  oxyhs^moglobin,  and 
is  retl  in  color ;  when  f i"eed  from  its  oxygt^n  it  takes  a 
pur|>le  hue;  lience  the  widely  dilTerent  ap|H^aiance  of 
arterial  and  venous  blood,  which  so  (luz^led  the  early 
physiologists. 

This  prtwf  of  Uie  vitally  important  role  played  by  the 
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red  blood  corpuscles  led,  natarally-,  to  renewed  studies 
of  these  infinitesimal  bodies.  It  was  found  that  they 
may  vary  greatly  in  number  at  different  periods  in  the 
life  of  tiie  same  individual,  proving  that  they  may  be 
\H)i\i  devolope<i  and  destroyed  in  the  adult  oi^nisra. 
Indeed,  extended  observations  left  no  reason  to  doubt 
that  the  process  of  corpuscle  formation  and  destruction 
may  be  a  perfectly  normal  one;  that,  in  short,  every 
i*ed  blood  corpuscle  runs  its  course  and  dies  like  any 
more  elaborate  organism.  They  are  formed  constantly 
in  the  red  marrow  of  bones,  and  are  destro3'ed  in  the 
liver,  where  they  contribute  to  the  formation  of  the 
coloring  matter  of  the  bile.  Whether  there  are  other 
scuts  of  such  manufacture  and  destruction  of  the  cor- 
pus(?li'S  is  not  yet  fully  <letermined.  Xor  are  histolo- 
gists  jigreecl  as  to  wliotlier  the  red  blood  corpuscles 
tJKMnselvos  an*  to  he  regarded  as  true  cells,  or  merely  as 
trnguK'nts  ol'  cells  budded  out  from  a  true  cell  for  a 
special  purpose;  hut,  in  either  case,  there  is  not  the 
slightest  <l()ul)t  that  the  chief  function  of  the  red  cor- 
puscle is  to  carry  oxygen. 

If  the  oxygen  is  taken  to  the  ultimate  cells  before 
comhining  with  the  combustibles  it  is  to  consume,  it 
goes  without  saying  that  these  combustibles  themselves 
must  he  carried  tiiere  also.  Xor  could  it  be  in  doubt 
that  the  chiefest  of  these  ultimate  tissues,  as  regards 
(juantity  of  fuel  required,  are  the  muscles.  A  general 
and  comprehensive  view  of  the  organism  includes,  then, 
digestive  apparatus  and  lungs  as  the  channels  of  fuel- 
supply  ;  blood  and  lymph  channels  as  the  transportation 
system;  and  muscle  cells,  united  into  muscle  fibres,  as 
the  consumption  furnaces,  where  fuel  is  burned  and 
energy  transformed  and  ren<lered  available  for  the  pur- 
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poses  of  the  organism,  supplemented  by  a  set  of  ex- 
cretory orgmns,  tii rough  which  the  waste  products — 
the  ashes — are  eliminated  from  the  system. 

But  til  ere  remain,  broadly 
s|>eaking,  two  other  sets  of 
organs  wljose  size  demon- 
strates  their  importance  in 
the  economy  of  the  organ- 
ism, yet  whose  functions  are 
not  accounted  for  in  this 
synoi>sis.  Tliese  are  those 
glandlike  organs, such  as  the 
spleen,  which  have  no  duct 
and  produce  no  visible  se- 
cretions ;  and  the  nervous 
mechanism,  whose  central 
organs  are  the  brain  ami 
spinal  cord.  What  offices 
do  these  Beta  of  organs  per- 
form in  the  great  labor-special rzi rig  aggregation  of  cells 
which  we  call  a  living  organ istn  i 

As  regards  the  ductless  glands,  the  first  clew  to  their 
function  was  given  when  tlic  great  Frenchman  Clauth? 
Bernard  (the  !nan  of  whom  his  utlmirers  loved  to  say, 
**  he  is  not  a  physiologist  merely ;  he  is  physiology  it- 
self") disco verecl  what  is  spoken  of  as  the  glycogenic 
function  of  the  liven  The  liver  itself,  indeed,  is  not  a 
ductless  organ,  but  the  quantity  of  its  biliary  tuitput 
seems  utterly  disproportionate  to  its  enormous  aixe,  par- 
ticularly wiren  it  is  considered  lliat  in  the  case  of  the 
human  sjjecies  the  liver  contains  normally  about  one- 
fifth  of  hU  the  blood  in  the  on  tiro  body.    TJernard  dis- 

►vercd  that  the  hlooil  unth^rgoes  a  change  of  coni[>osi- 
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Although  Napoleon  Bonaparte,  First  Consul,  was  not 
lacking  in  self-appreciation,  he  probably  did  not  realize 
that  in  selecting  a  physician  for  his  own  needs  he  was 
markedly  influencing  the  progress  of  medical  science  as 
a  whole.  Yet  so  strangely  are  cause  and.  effect  ad- 
justed in  human  affairs  that  this  simple  act  of  the  First 
Consul  had  that  very  unexj>ected  effect.  For  the  man 
chosen  was  the  envoy  of  a  new  method  in  medical  prac- 
tice, and  the  fame  wliich  came  to  him  through  being 
physician  to'  the  First  Consul,  and  subsequently  to  the 
Emperor,  enable<l  him  to  promulgate  the  method  in  a 
way  otherwise  impracticable.  Hence  the  indirect  but 
telling  value  to  medical  science  of  Napoleon's  selection. 

The  physician  in  question  was  Jean  Nicolas  de  Corvi- 
sart.  His  novel  method  \vas  nothing  more  startling 
than  the  now  familiar  procedure  of  tapping  the  chest  of 
a  patient  to  elicit  sounds  indicative  of  diseased  tissues 
within.  Every  one  has  seen  this  done  commonly 
enough  in  our  day,  but  at  the  beginning  of  the  century 
Corvisart,  and  perhaps  some  of  his  pupils,  were  proba- 
bly  the  only  physicians  in  the  world  who  resorted  to 
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tbis  simple  and  useful  proctidare.  Ilenco  Napoleon's 
suqmse  when,  on  calling  ia  Corvi^art,  after  becoming 
some w bat  dtssati^lied  vvitli  iiis  other  physicians,  Pinel 
tuul  Portiil,  [lis  physical  oontlitioii  was  iiit<irrogated  in 
this  strange  laanner,  AVitli  ciiarauteristic  shrewdness 
liunaparte  saw  the  utility  of  the  method,  and  the  physi- 
cian who  tlms  attempted  to  substitute  scientitic  nietiiod 
for  guess-work  in  the  diagnosis  of  disease  at  once  found 
favor  in  his  eyes,  and  was  installed  as  his  regular  raetli- 
cal  adviser. 

For  fifteen  years  before  tfds  Corvisart  had  practised 
percussion,  as  the  chest  tupping  mt'thod  is  calleil,  with* 
out  succeeding  in  coovincing  the  profassion  of  its  value, 
The  method  itself^  it  should  be  a* hied,  bad  not  origi- 
nated with  Corvisart,  nor  did  the  French  physician  for  a 
moment  claim  it  as  his  own.  The  true  originator  of  the 
practice  was  the  German  ph^ysician  Avenbrugger,  who 
published  a  oook  aljout  it  as  early  as  ITtH.  This  brnnk 
liad  even  been  translated  into  French,  then  the  language 
of  international  comniunication  everywhere,  by  Ho/Jere 
de  la  Chassagne,  of  Montpellier,  in  1T7<I;  but  no  one 
other  than  Corvisart  appears  to  have  paid  any  attention 
to  either  original  or  translation.  It  was  far  otherwise* 
however,  when  Corvisart  translateil  Avenbrngger's  work 
anew^  witli  important  adilitionF?  of  his  own,  in  ISOS,  By 
this  time  a  reaction  had  set  in  against  the  nietaphysical 
methotJs  in  medicine  that  had  previously  been  so  allur- 
ing; the  scientific  spirit  of  tlie  time  was  making  itself  felt 
in  medical  practice;  and  this,  donihiiied  witli  (Virvisart's 
fame,  brought  the  met  boil  of  percussion  into  immediate 
and  well-deserveiJ  popularity.  Thus  was  laid  the  foun- 
dation for  the  mettnnl  of  so  called  iiitysical  diagnosis* 
which  is  one  of  the  corner  stones  of  modern  medicine. 
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The  motliod  of  physical  diagnosis  iis  practised  in  oui 
day  \vm  by  no  means  completed,  boweirerj  with   U*< 
work  of  Oorvisiirt,     Percussion  ulone  tells   much  li 
than  half  the  story  that  may  be  elicited  from  the  organi 
uf  the  chest  by  propter  interrogation.     Tiie  remainder  ol 
the  story  can  only  I>e  learned  by  applying  the  ear  itsell 
to  the    chesty  directly   or  indirectly.     Simple   as    thli 
seetns,  no  one  thought  of  practising  it  for  some  yeiii 
after  Corpisart   had  shown   the    value  of  percussion. 
Then,  in  1815,  another  Paris  physician,  Rene  Thc^ophile 
Hy acintfie  Laennec,  discorerefJ,  almost  by  accident,  tbat 
the  sound  of  the  heart-beat  could  be  heard  sur[irisinglj 
throutfli  a  cylinder  of  paper  held  to  the  ear  and  against 
the  patient/'s  chest.     Acting  on  the  hint  thus  received, 
Laennec  substituted  a  hollow  cylinder  of  \vo(jd  for  th< 
paper,  and  found  liimself  provided  with  an  inst rumen  1 
ttirough   which  not  merely  heart  sountls,  but  niurniui 
of  the  lungs  in  respiration,  could  be  heard  with  almost 
startling  distinctness. 

The  possibility  of  asacxiiating  the  varying  chest  soiindf 
with  diseased  conditions  of  the  organs  within  apjveah 
to  the  fertile  mind  of  Laennec  as  opening  new  vistas  ii 
thera|)eutics,  whicli  he  determined  to  enter  to  the  falh 
extent  practicable.  His  connection  with  the  hospitals  oj 
Paris  gave  him  full  opportunity  in  this  direction,  and  hu 
labors  of  the  next  few  years  served  not  merely  to  estal 
lish  the  value  of  the  new  method  as  an  aid  to  diagnosii 
but  laid  the  foundation  also  for  the  science  of  morbid 
anatomy.  In  1810  Laennec  published  the  results  of  hi; 
labors  in  a  work  called  Trmfr.  tT Am^mtUalUm  M^dk 
a  work  which  forms  one  of  the  landmarks  of  scientifti 
medicine.  By  mediate  auscultation  ia  meant  of  cour 
the  interrogation  of  the  chest  with  the  aid  of  the  little 
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iostruraent  already  referred  to,  an  instrument  which  its 
originator  thought  hardly  worth  naiuing  until  various 
barbarous  appellations  were  applied  to  it  by  others,  after 
which  Laennec  decided  to  call  it  the  stethoscope,  a  name 
which  it  has  ever  since  retained. 

In  subsequent  years  the  form  of  the  stethoscope,  as 
usually  emi»loyed^  was  modified,  and  its  value  augment* 
ed  by  a  binauricular  attachment;  and  in  very  recent 
years  a  further  improvement  has  been  made  through  ap- 
plication of  the  principle  of  the  telephone;  but  the  es- 
sentials of  auscultation  with  the  stethoscope  were  estab- 
lished in  much  detail  hv  Latin  nee,  and  the  honor  must 
always  be  his  of  thus  taking  one  of  the  longest  single 
steps  by  which  practical  medicine  Ims  in  our  c«3ntur3' ac- 
quired the  right  to  1)6  considered  a  rational  science. 
I^*nnec's  efforts  cost  tim  his  life,  for  he  died  in  1S26 
of  a  lung  disease  acquired  in  the  course  of  his  hospital 
practice ;  but  even  before  this  his  fame  was  universal, 
and  the  value  of  his  method  had  been  recognized  all 
over  the  world,  Kot  long  after,  in  1828,  jet  another 
French  physician,  Piorry,  i»erfecteil  the  method  of  per 
cussion  by  inti^iicing  the  custom  of  tapping,  not  the 
chest  directly,  but  the  finger  or  a  small  metal  or  hard 
rubber  plate  held  against  the  chest— mediate  percussion, 
in  short.  This  perfected  the  methods  of  physical  diag* 
nosis  of  diseases  of  the  chest  in  all  essentials;  and  from 
tliat  day  till  this  |3ercussion  and  auscultation  have  hehl 
an  unquestioned  place  in  the  regular  armamentarium  of 
the  physician* 

Coupled  with  the  new  methotl  of  physical  diagnosis 
in  the  effort  to  substitute  knowledge  for  guess-work 
came  the  studies  of  the  experimental  physiologists— in 
particular,  Marshall  Hall  in  England,  and  Francois  Ma- 
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gendie  in  France ;  and  the  joint  efforts  of  these  varioiu 
workers  led  presently  to  the  abandonment  of  those  8e> 
vere  and  often  irrational  depletive  methods — ^blood4et- 
ting  and  the  like — that  had  previoasly  dominated  med- 
ical practice.  To  this  end  also  the  ^  statistical  method/' 
introdaced  by  Louis  and  his  followers,  laigely  contrib- 
uted ;  and  by  the  close  of  the  first  third  of  our  century 
the  idea  was  gaining  ground  that  the  province  of  thera- 
peutics is  to  aid  nature  in  combating  disease,  and  that 
this  may  often  be  better  accomplished  by  simple  means 
than  by  the  heroic  measures  hitherto  thought  necessary. 
In  a  word,  scientific  empiricism  was  beginning  to  gain  a 
hearing  in  medicine,  as  against  the  metaphysical  precon- 
ceptions of  the  earlier  generations. 


II 

I  have  just  adverted  to  the  fact  that  Napoleon  Bona- 
parte, as  First  Consul  and  as  Emperor,  was  the  victim 
of  a  mahuly  which  caused  him  to  seek  the  advice  of  the 
most  distinguished  physicians  of  Paris.  It  is  a  little 
shocking  to  modern  sensibilities  to  read  that  these 
physicians,  except  Corvisart,  diagnosed  the  distinguished 
]>atient's  malady  as  "  gale  repercut^e  " — that  is  to  say, 
in  idiomatic  English,  the  itch  "  struck  in."  It  is  hardly 
necessary  to  say  that  no  physician  of  to-day  would 
make  so  inconsiderate  a  diagnosis  in  the  case  of  a  royal 
patient.  If  by  any  chance  a  distinguished  patient  were 
afflicted  with  the  itch,  the  sagacious  physician  would 
carefully  hide  the  fact  behind  circumlocutions,  and  pro- 
ceed to  eratlicate  the  disease  with  all  despatch.  That 
the  physicians  of  Napoleon  did  otherwise  is  evidence 
that  at  the  beginning  of  the  century  the  disease  in  ques- 
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tion  enjoyed  a  very  different  status.  At  that  time,  itch, 
insteiid  of  being  a  most  plebeian  malady,  was,  90  to  say,  a 
court  disease.  It  enjoyed  a  circulation,  in  high  circles 
and  in  low,  that  modern  therapeutics  has  quite  denied 
it;  and  the  physicians  of  the  time  gave  it  a  fictitious 
added  importance  by  ascribing'  to  its  influence  the  ex- 
istence of  almost  any  obscure  (miludy  that  came  under 
their  observation.  Long  after  Napoleon's  lime,  gale 
continued  to  hold  this  proud  distinction.  For  example, 
the  imaginative  Dr.  Hahnemann  did  not  hesitate  to  at 
firm  J  as  a  positive  maxim,  that  three<fourths  of  all  the 
ills  that  flesh  is  heir  to  were  in  reality  nothing  but  va- 
rious forms  of  *'gale  repercutec." 

Ail  of  which  goes  to  show  how  easy  it  may  be  for  a 
masked  pretender  to  impose  on  creilulous  humanity  ;  for 
nothing  is  more  clearly  established  in  modern  knowl- 
edge than  the  fact  that  "  gale  repercuttjc  "  was  siinply  a 
name  to  hide  a  profound  ignorance ;  no  sucli  disease  ex- 
ists, or  ever  did  exist.  Gale  itself  is  a  sufficiently  tangi- 
ble reality,  to  be  sure ;  but  it  is  a  purely  local  disease  of 
the  skin,  due  to  a  perfectly  definite  cause,  and  the  dire 
internal  conditions  formerly  ascribed  to  it  have  really  no 
causal  connection  with  it  whatever.  This  definite  cause, 
as  every  one  nowadays  knows,  is  nothing  more  or  less 
than  a  microscopic  insect  which  has  found  lodgment  on 
the  skin,  and  has  burrowed  and  made  itself  at  home 
there.  Kill  that  Insect,  and  the  disease  is  no  more  - 
hence  it  has  come  to  be  an  axiom  with  the  modern 
physician  that  the  itch  is  one  of  the  three  or  four  dis- 
eases that  he  positively  is  able  to  cure,  and  tliat  very 
speedily.  But  it  wjis  far  other  wine  with  the  physicians 
of  the  first  third  of  our  century,  l>ecau.se  to  them  the 
cause  of  the  disease  was  an  absolute  mystery. 

mi 
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>  It  is  true  that  here  and  there  a  phjsioian  had  olaimed 

I :  to  find  an  insect  lodged  in  the  skin  of  a  safferer  from 

|i  itch,  and  two  or  three  times  the  claim  had  been  made 

! '  that  this  was  the  cause  of  the  malady,  bat  sach  views 

were  quite  ignored  by  the  general  profession,  and  in 

A.  1833  it  was  stated  in  an  authoritative  medical  treatise 

that  the  ^'  cause  of  gale  is  absolutely  unknown."    Bat 

i '  even  at  this  time,  as  it  curiously  happened,  there  were 

|.  certain  ignorant  laymen  who  had  attained  to  a  bit  of 

medical  knowledge  that  was  withheld  from  the  inner 

circles  of  the  profession.     As  the  peasantry  of  England 

before  Jenner  had  known  of  the  curative  value  of  cow* 

pox  over  small-pox,  so  the  peasant  women  of  Poland 

had  learned  tlmt  the  annoying  skin  disease  from  which 

they  suffered  was  caused  by  an  almost  invisible  insect, 

and,  furthermore,  had  acquired  the  trick  of  dislodging 

the  pestiferous  little  creature  with  the  point  of  a  needle. 

From   them  a  youth  of  the  country,  F.  Ilenucci  by 

name,  learned  the  oi^en  secret.     lie  conveyed  it  to  Paris 

when  lie  went  there  to  study  medicine,  and  in   1834 

demonstrated  it  to  his  master,  Alibert.     This  physician, 

at  first  sceptical,  soon  was  convinced,  and  gave  out  the 

discovery  to  the  medical  world  with  an  authority  Hrhat 

led  to  early  acceptance. 

Now  the  importance  of  all  this,  in  the  present  con- 
nection, is  not  at  .all  that  it  gave  the  clew  to  the  method 
of  cure  of  a  single  disease.  What  makes  the  discovery 
epochal  is  the  fact  that  it  dropped  a  brand-new  idea 
into  the  medical  ranks — an  idea  destined,  in  the  long- 
run,  to  prove  itself  a  veritable  bomb — the  idea,  namely, 
that  a  minute  and  quite  unsuspected  animal  parasite 
may  be  the  cause  of  a  well-known,  widely  prevalent, 
and  important  human  disease.    Of  course  the  full  force 
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of  this  idea  could  only  be  appreciated  in  the  light  of 
later  knowledge ;  but  even  at  the  time  of  its  coming  it 
sufficed  to  give  a  great  impetus  to  that  new  medical 
knowledge,  based  on  mtcroscuptcal  studies,  which  had 
but  recently  been  made  accessible  by  the  inventions 
of  the  lens-makers.  The  new  knowledge  clurified  one 
very  turbid  medical  [xxjI,  and  pointed  the  Wiky  to  the 
clarification  of  many  others. 

Almost  at  the  same  time  that  the  Polish  medical  stu- 
dent was  demonstrating  the  itch  mite  in  Paris,  it 
chanced,  curiously  enough »  that  another  medical  stu-. 
dentf  this  time  an  English  man  ^  made  an  analogous  dis- 
covery, of  perhaps  even  greater  importance.  Indeed, 
this  Enghsh  discovery  in  its  initial  stages  slightly  ante- 
dated the  other,  for  It  was  in  183^  that  the  student  in 
question,  James  Paget,  interne  in  Saint  Bartljolomew's 
Hospital,  London,  while  dissecting  the  muscular  tissues 
of  a  human  subject,  found  little  specks  of  extraneous 
matter,  which,  when  taken  to  the  professor  of  compara- 
tive anatomy,  Richard  Owen,  were  ascertained,  with  the 
aid  of  the  microscope,  to  be  the  cocoon  of  a  minute  and 
hitherto  unknown  insect.  Owen  named  the  insect  Trt- 
i^hiftd  npfralfs.  After  the  discovery  was  published,  it 
transpired  that  similar  B|>ecks  had  been  observed  by 
several  earlier  investigators,  but  no  one  had  previously 
suspected,  or,  at  any  rate,  demonstrated  their  nature. 
Nor  was  the  full  story  of  the  trichina  made  out  for  a 
long  time  after  Owen's  discovery.  It 'was  not  till  tS47 
that  the  American  anatomist  Dr.  Joseph  Leidy  found 
the  cysts  of  trichina  in  the  tissues  of  pork  ;  and  another 
decade  or  so  elapsed  after  that  before  (German  workers, 
chief  among  whom  were  Ijouckart,  Virchow,  and  Zen- 
ker, proved  that  the  parasite  gets  into  the  human  sys- 
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many ;  American  pork  was  excluded  nltogetlier  from 
France;  and  tfie  whole  subject  thus  came  prominently  to 
[mblic  attention,  Jiut  important  ns  the  trichina  purvisite 
prove<l  on  its  own  account  in  tiie  end,  its  greatest  im- 
portance, after  all,  was  in  the  share  it  played  in  direct- 
ing attention  at  the  time  of  its  discovery  in  1833  to  the 
subject  of  mtcro^opic  parasites  in  general 

The  decade  that  followed  tliat  iliscoverj  was  a  time 
of  great  activity  in  the  study  of  microscopic  organisms 
and  microscopic  tissues,  and  such  men  as  Ehren berg  and 
Henle  and  Bory  Saint  Vincent  and  KoUiker  and  Roki- 
tansky  and  Keinak  and  Dujanlin  were  widening  the 
bounds  of  knowledge  of  tine  new"  subject  with  details 
that  cannot  be  more  than  referred  to  here.  But  the 
crowning  achievement  of  the  period  in  this  direction 
was  the  discovery  made  by  the  German  J,  I*.  Schoen- 
lein  in  1831*,  that  a  very  common  and  most  distressing 
disease  of  the  scalp,  known  as  favns,  is  really  due  to  the 
pmsence  and  growth  on  tlie  scalp  of  a  vegetable  organ- 
ism of  inieroscoptc  stxe.  Thus  it  wns  made  clear  that 
not  merely  animal  but  also  vegetable  organisms  of  ob- 
scure, microscopic  species  have  causal  iclations  to  the 
diseases  with  which  ujankind  is  afflicted.  This  knowl- 
edge of  the  parasites  was  another  long  stef*  in  the  direc- 
tion of  scientilic  mt^dical  knowledgts  but  the  heights  to 
which  this  knowledge  led  were  not  to  lie  scaled,  or  even 
recognized,  until  another  generation  of  workers  had  en- 
tered the  field. 


nr 


Meantime^  in  quite  another  Geld  of  me^licine,  events 
were  devclo|)ing  which  led  presently  to  a  revelation  of 
great^^r  immediate  importance  to  humaiiity  than  any 
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other  di&covery  that  had  come  in  tbe  ceiUury,  perhaps 

ia  any  field  of  science  whatever-  This  was  the  dtacov- 
ery  of  the  pain-dispalltDg  power  of  the  vai>or  of  sul- 
phuric ether,  inbaleil  by  a  patient  undergoing  a  surgical 
o|>emtion.  This  discovery  csome  solely  out  of  America, 
and  it  stands  curiuusly  isolated,  since  apparentty  no 
minds  in  any  other  country  were  trending'  towards  it 
even  vaguely.  Dairj%  in  England,  had  indeed  originated 
the  luethod  of  niedicHtion  by  inhalation,  and  carried  out 
some  most  interesting  ex})eriments  fifty  years  earlier, 
and  it  was  doubtless  his  experiments  willi  nitrous  oxide 
gas  that  gave  the  clew  to  one  of  the  American  investi- 
gators; but  this  was  the  sole  contribntion  of  preceding 
gefjeralions  to  tlie  subject,  and  since  the  beginning  of 
the  century,  when  Davy  turned  his  attention  to  othor 
matters,  no  one  had  nnide  the  slightL»st  advance  along 
the  same  line  until  an  American  dentist  renewed  the 
investigation.  Moreover,  there  had  been  nothing  tn 
Davy's  experiments  to  show  that  a  surgical  operation 
might  be  rendered  painless  In  this  way ;  and,  indeed, 
the  surgeons  of  Europe  huil  aoknowledgt.'d  with  one  ac- 
cord that  all  ho|>e  **f  finding  a  means  to  secure  thi» 
most  dowirablo  end  irmst  lie  utterly  ei band oned— that  the 
surgeon -3  knife  must  ever  remain  a  synonym  for  *low 
and  indescribable  torture.  By  an  odd  coincidence  it 
chanced  thut  Sir  Benjamin  Brodir,  the  acknowledged 
lender  of  Enghsh  surgeons,  had  publicly  expressetl  this 
as  his  deliberate  though  regretted  opinion  at  a  tinio 
when  the  quest  which  he  considered  futile  had  already 
led  to  the  most  brilhaut  success  in  Atnericn,  and  while 
the  announcement  of  the  discovery ^  which  tht*n  had  no 
transatlantic  cable  to  convey  it,  was  actually  on  its  way 
to  the  Old  World. 
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The  American  dentist  just  referred  to,  who  was,  with 
one  exception  to  be  noted  preset! tlj,  the  first  man  in  the 
worlil  to  conceive  that  the  administration  of  a  definite 
drug  might  render  a  surgical  operation  palnJess^  and  to 
give  the  belief  application^  was  Dr.  Horace  Wells,  of 
Hartford,  Connecticut.  The  drug  with  which  he  experi- 
mented was  nitrous  oxide;  the  operation  which  he  ren- 
dered painless  was  no  more  important  than  the  extrac- 
tion of  a  tooth— yet  it  sufficed  to  mark  a  principle;  the 
year  of  the  experiment  was  1844, 

The  experiments  of  Dr.  Wells,  however,  though  im- 
prtant,  were  not  sufficiently  demonstrative  to  bring  the 
matter  prominently  to  the  attention  of  the  medical 
world,  The  drug  with  which  lie  experimented  proved 
not  always  reliable,  and  he  himself  seems  ultimately  to 
have  given  the  matter  up,  or  at  least  to  have  relaxed  his 
efforts.  But  meantime  a  friend,  to  whom  he  had  com- 
municated his  belief  and  expectations,  took  the  matter 
up,  and  with  unremitting  zeal  carried  forward  experi- 
ments that  were  destined  to  lead  to  more  tangible  re- 
sult8.  This  friend  was  another  dentist,  Dr.  W.  T.  G. 
Morton,  of  Boston,  then  a  young  man,  full  of  youthful 
energy  and  enthusiasm.  He  seems  to  have  felt  that  the 
drug  with  which  Wells  hatl  experimented  was  not  the 
most  practicable  one  for  the  purpose^  and  so  for  several 
months  he  experimented  with  other  allied  drugs,  until 
finally  lie  hit  ujx>n  sulphuric  ether,  and  with  this  was 
able  to  make  experiments  upon  anitniils,  and  then  upon 
patients  in  the  dental  chair,  that  seemed  to  him  abso- 
lutely demonstnilive. 

Full  of  eager  enthusiasm,  and  absolutelv  confident  of  his 
re«idU.  he  at  once  went  to  Dr.  J,  C.  Warren,  one  of  the 
fortmiost  sru'geons  of  Boston,  and  asked  permission  to 
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test  his  discovery  decisively  on  one  of  the  patients  at 
the  Boston  Hospital  during  a  severe  operation.  The  re- 
quest was  granted ;  the  test  was  made  on  October  l^*  1S46, 
in  the  presence  of  several  of  the  foremost  surgeons  of 
the  city  and  of  a  body  of  medical  students,  Tbe  pa- 
tient slept  quietly  white  tbe  surgeon's  knife  was  plied« 
and  awoke  to  astonished  com  prehension  that  tbe  ordeal 
was  over.  The  impossible,  tbe  miraculous,  had  been  ao- 
complished. 

Swiftly  as  steam  could  carry  it— slowly  enough  we 
shoukl  ihink  it  to-da}^ — the  news  was  heralded  to  all  the 
world.  It  was  received  in  Europe  with  incredulity, 
which  vanished  before  rejseated  experiments.  Sui^eons 
^vere  loath  to  believe  that  etlier,  a  drug  that  had  long 
held  a  place  in  tlie  subordinate  arm  amen  Ui  Hum  of  the 
physician^  could  accomplisfi  such  a  miracle.  But  scepti- 
cism vanished  before  the  tests  which  any  Hurgeon  might 
make,  and  which  surgeons  all  over  the  world  did  make 
within  the  next  few  weeks.  Tiieti  tliere  came  a  linger- 
ing outcry  from  a  few  surgeons,  notably  some  of  the 
ParisianSj  that  the  shock  of  pain  was  beneficial  to  the 
patient,  hence  that  aniesthesia— as  Dr.  Oliver  Wendell 
Holmes  had  cliristened  the  new  method — was  a  proood- 
ur^  not  to  bo  advised.  Then,  too,  there  came  a  hue- 
and-cry  from  many  a  pulpit  that  pain  was  God-given, 
and  hence,  on  moral  grounds,  to  l)e  clung  to  rather  than 
renounced.  But  the  outcry  of  the  antediluvians  of  bolb 
hospital  and  pulpit  quickly  received  it  $  quietus;  for  soon 
it  was  clear  that  the  patient  who  did  not  suffer  the 
shock  of  pain  during  an  operation  rallied  better  than  the 
one  who  did  so  suffer,  while  all  humanity  outsido  the 
pulpit  crieil  shame  to  the  spirit  that  would  doom  man- 
kind to  suffer  needless  agony.     And  so  within  a  few 
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months  after  that  initial  operation  at  the  Boston  Hos- 
pital  in  1846,  ether  had  mada  good  its  conquest  of  paiu 
throughout  the  civilized  world.  On\y  by  the  must  ac- 
tive use  of  the  imagination  can  we  of  this  present  day 
realize  the  full  meaning  of  that  victory. 

It  remains  to  be  added  that  in  the  subsequent  bicker^ 
ings  over  the  discovery — such  bickerings  its  follow  every 
great  advanee^two  other  names  came  into  prominent 
notice  as  sharers  in  the  glory  of  the  new  methotl.  Both 
these  were  Atuericans— theone.  Dr.  Charles  T,  Jackson, 
of  Boiiton ;  the  othen  Dr.  Crawford  W.  Long,  of  Ala- 
bama. As  to  Dr.  Jackson,  it  is  sutHcient  to  say  tbat  Ua 
seems  to  have  bad  some  vague  inkling  of  the  peeulJar 
projMjrties  of  ether  before  Morton's  discovery.  He  even 
suggested  the  use  of  this  drug  to  Morton,  not  knowing 
that  Morton  had  already  tried  it;  but  bhis  is  the  full 
meiisure  of  his  association  with  the  discovery.  Hence  it 
is  clear  that  Jackson's  claim  to  equal  share  with  Mor- 
ton in  the  discovery  was  unwarranted^  not  to  say  ab- 
'   ird. 

Dr,  Long*s  association  with  the  matter  was  far  diUer- 
ent,  and  altogether  honorable.  By  one  of  those  coinci* 
dances  so  common  in  the  history  of  disco very»  he  was 
experimenting  with  ether  as  a  pain-destroyer  sitnulta- 
neously  with  Morton^  though  neither  so  much  as  knew 
of  the  existence  of  the  other.  While  a  mod  real  student 
he  had  once  inhaled  etlier  for  the  intoxicant  etfects^  as 
other  medical  students  wete  wont  to  do,  and  wbeu  par- 
tial iy  under  in  Hue  nee  of  the  drug  lie  had  noijced  that  a 
chance  blow  to  his  shins  ivas  painless.  This  gave  him 
the  idea  that  ether  miglu  ho  used  in  surgical  operations; 
and  in  suljsetpient  vwu*s,  in  the  course  of  his  practice  in 
a  small  Georgia  town,  he  put  the  idea  into  succe^^ful 
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execution.  There  appears  to  be  no  doubt  whatever  tiuit 
he  performed  successful  minor  operations  under  ether 
some  two  or  three  years  before  Morton's  final  demon- 
stration ;  hence  that  the  merit  of  first  osing  the  drug, 
or  indeed  any  drug,  in  this  way  belongs  to  him.  But 
unfortunately  Dr.  Long  did  not  quite  trust  the  evidenoe 
of  his  own  cx(>eriments.  Just  at  that  tiine  the  medical 
journals  were  full  of  accounts  of  experiments  in  whioh 
painless  o|>crations  were  said  to  be  performed  through 
practice  of  hypnotism,  and  Dr.  Long  feared  that  his  own' 
success  might  be  due  to  an  incidental  hypnotic  infinenoe 
rather  than  to  the  drug.  Hence  he  delayed  announcing 
liis  apparent  discovery  until  he  should  have  opportunity 
for  further  tests— and  opportunities  did  not  come  every 
(lay  to  the  countr}'  practitioner.  And  while  he  waited, 
Morton  anticipated  him,  and  the  discovery  was  made 
known  to  the  world  without  his  aid.  It  was  a  true  sci- 
entific caution  that  actuated  Dr.  Ijong  to  this  delay,  but 
the  caution  cost  him  the  credit,  which  might  otherwise 
have  been  his,  of  giving  to  the  world  one  of  the  greatest 
blessings  that  science  has  ever  conferred  upon  hu- 
manity. 

A  few  months  after  the  use  of  ether  became  general, 
the  Scotch  surgeon  Sir  J.  Y.  Simpson  discovered  that 
another  drug,  chloroform,  could  be  administered  with 
similar  ofTccts;  that  it  would,  indeed,  in  many  cases  pro- 
duce aniesthosia  more  advantageously  even  than  ether. 
From  that  day  till  this  surgeons  have  been  more  or  less 
divided  in  opinion  as  to  the  relative  merits  of  the  two 
drugs ;  but  this  fact,  of  course,  has  no  bearing  whatever 
upon  the  merit  of  the  first  discovery  of  the  method  of 
anaesthesia.  Even  had  some  other  drug  subsequently 
quite  banished  ether,  the  honor  of  the  discovery  of  the 
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beneficent  metliod  of  anesthesia  wouM  have  been  in  no 
wise  invalidated.  And  despite  all  cavillings,  it  is  un- 
eqai vocally  established  that  the  man  who  gave  that 
method  to  the  world  was  William  T.  G.  Morton. 


re 

This  discovery  of  the  aneesthetic  power  of  drugs  was 
destined  presently,  in  addition  to  its  direct  beneficences^ 
to  aid  greatly  in  the  progress  of  scientilio  medicine,  by 
facilitating  those  experiraental  studies  of  animals  from 
which,  before  the  day  of  anaesthesia,  many  humane 
physicians  were  withheld,  and  which  in  recent  years  have 
led  to  discoveries  of  such  inestimable  value  to  humanity. 
But  for  the  moment  this  possibility  was  quite  overshad- 
owed by  the  direct  benefits  of  ansestbesia,  and  the  long 
strides  that  were  taken  in  scientific  medicine  during  the 
first  fifteen  years  after  Morton's  discovery  were  mainl}^ 
independent  of  such  aid,  Tbesje  steps  were  taken,  in- 
deed, in  a  field  that  at  first  glance  might  seem  to  have 
a  very  slight  connection  with  medicine.  Moreover^  the 
chief  worker  in  the  field  was  not  himself  a  physician, 
lie  was  a  chemist,  and  the  work  ia  which  he  was  now 
engaged  was  the  study  of  alcoholic  fermentation  in  vi- 
nous liquors.  Yet  these  studies  paved  the  way  for  the 
most  important  advances  that  medicine  has  made  in  any 
century  towards  the  plane  of  true  science ;  and  to  this 
man  more-than  to  any  other  single  indiv^idual — it  might 
almost  be  said  more  than  to  all  other  individuals— was 
due  this  wonderful  advance.  It  is  almost  sitperfiuons  to 
add  that  the  name  of  this  marvellous  chemist  was  Louis 
Pasteur, 

The  studies  of  fermeutatioa  which  Pasteur  entered 
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u|iun  iQ  1S54  were  aimod  at  tbe  solutii>n  of  a  0Qntri> 
versy  that  had  beeo  ^raging  in  the  scienti^c  world  \ti%h 
varying  degrees  of  activity  for  a  tjuarter  of  a  oentury. 
Back  10  thetbirties^iti  tbetJUy  uf  the  early  en tbosiasm  aver 
tlie  perfected  micro!»co[)e,  there  had  ariseii  a  new  iuter- 
est  in  tbe  miaute  forms  of  life  viiilch  Leemrenboek  and 
some  of  tlie  other  early  workers  irith  the  lens  hatl  first 
described,  and  which  now  were  sbown  to  l>e  of  almost 
universal  prevalence.  These  minute  organisms  bad  beem 
studied  more  or  less  by  a  liost  of  oljservurs,  but  in  jmr- 
ticular  by  the  Frencbman  Ca^nlanl  Latour  and  tbe  Ger- 
man, of  cell-theory  fame,  Theodar  Schwann.  The$e 
men,  workiu*;  independently^  had  reacbed  tbe  oooelu- 
sion,  about  1S37,  that  the  microorganisms  p!ay  a  vastly 
more  important  rule  in  the  economy  of  natuiv  tban  any 
one  previously  had  supposed*  Tliey  held*  for  oxam|il4i, 
that  tbe  minute  specks  which  largely  make  up  the  sui*. 
stance  of  yeast  are  living  vegetable  organ isniij,  and  that 
tbe  growth  of  tbese  organisms  Is  the  cause  of  the  im- 
portaofe  and  familiar  process  of  fermentatioii.  They 
even  came  to  hold^  at  least  tentatively,  the  opinion  that 
the  somewhat  similar  micrt^organisms  to  be  found  in  all 
putrefying  matter,  animal  or  vegetable,  had  a  causal  to- I 
latbn  to  the  process  of  putrefaction. 

This  view,  jxinicularly  as  to  tbe  nature  of  putnef^o- 
tion,  was  expmssed  even  more  outspokenly  a  Httle  later 
by  tbe  French  botanist  Turpin.  Views  so  sup|>orte<l 
naturally  gained  a  following;  it  was  etjuaUy  iiattiral 
that  so  radical  an  innovation  should  be  antagonized.  In 
this  case  it  chanced  that  one  of  the  most  dominatifig 
scientific  ntinds  of  tlie  time,  that  of  Liebig,  took  u  firm 
and  aggressive  stand  against  the  new  doctrine.  In  1$39 
he  promulgate<i  his  famous  doctrine  of  fermentation,  in 
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which  he  stood  out  firmly  against  any  **  vitulistic "  ex* 
planatii>n  of  tho  phenoraeaa,  allegiofj  tbat  the  presence 
of  micro-organ  is  tns  in  fermenting  and  putrefying  sub. 
stances  was  niaruly  incidentalj  and  in  no  sense  causal 
This  opinion  of  the  great  German  chemist  was  in  a 
measure  substantiated  by  ex|)eriraents  of  his  compatriot 
IlelmhoHz,  whose  earlier  experiments  confirmed,  but 
hitar  ones  contradicted,  the  observations  of  Schw^ann, 
and  this  combined  authority  gave  the  vitalistic  concep. 
tion  a  blow  from  which  it  had  not  rallied  at  the  time 
when  Pasteur  entered  the  fieUL  Indeed,  it  was  current- 
ly regarded  as  settled  that  the  early  students  of  the 
subject  had  vastly  overestimated  the  importance  of  mi- 


And  so  it  came  as  a  new  revelation  to  the  generality  of 
scientists  of  the  timej  when,  in  1S5T  and  the  succeeding 
lialf-ilecado,  Pixsteur  published  the  results  of  his  re- 
searches, in  which  the  question  hatl  been  put  to  a  series 
of  altogether  new  tests^  and  brought  to  unequivocal 
demonstration. 

Ho  proved  that  the  micro  organisms  do  all  that  his 
most  imaginative  predecessors  had  suspected,  and  more. 
Without  them,  he  proved,  there  would  be  no  fermenta- 
tion»  no  putrefaction — no  decay  of  any  tissues,  except  by 
the  slow  process  of  oxidation.  It  is  the  microscopic 
yeast  plant  which,  by  seidng  on  certain  atoms  of  the 
molecule,  liberates  the  remaining  atoms  in  the  form  of 
otifbonie  aciil  and  alcohol,  thus  effecting  fermentation ; 
it  is  another  microscopic  plant ^a  bacterium » as  Devaine 
had  christened  it — which  in  a  similar  way  effects  the 
destruction  of  organic  mt>lecules,  producing  the  condi* 
tion  which  w«  call  putrefaction.  Pasteur  showed,  to 
the  araa/^ment  of  biologists,  that  there  are  certain  forms 
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of  these  bacteria  which  secure  the  oxygen  which  all  or- 
ganic life  requires,  not  from  the  air,  but  by  breaking  up 
unstable  molecules  in  which  oxygen  is  combined ;  that 
putrefaction,  in  short,  has  its  foundation  in  the  activities 
of  th<.*so  socallcd  anaerobic  bacteria. 

In  a  word.  I^istcur  showed  that  all  the  many  familiar 
processes  of  the  decay  of  organic  tissues  are,  in  effect, 
forms  of  fermentation,  and  would  not  take  place  at  all 
except  for  the  presence  of  the  living  microorganisms. 
A  piece  of  meat,  for  example,  suspended  in  an  atmos- 
phere free  from  germs,  will  dry  up  gradually,  without 
the  slightest  sign  of  putrefaction,  regardless  of  the  tem- 
perature or  other  conditions  to  which  it  may  have  been 
subjected. 

TliiM-e  was  nothing  in  these  studies  bearing  directly 
upon  the  (pieslioii  of  animal  diseases,  yet  before  thev 
were  liuished  they  had  stimulated  progress  in  moi-e  than 
one  field  of  palliolo^^y.  At  the  very  outset  they  sufficed 
to  start  afresh  the  incpiiry  as  to  the  role  played  by  mi- 
(•ro-oi'<^iniisnis  in  diseas<\  In  particular,  they  led  the 
Krcncli  i>hysician  Devaine  to  return  to  some  interrupted 
studios  which  In^  had  made  ten  years  before,  in  reference 
to  the  animal  disease  called  anthi'ax,  or  splenic  fever,  a 
disease  that  cost  the  farmers  of  Europe  millions  of 
francs  annually  through  loss  of  sheep  and  cattle.  In 
I.S^n,  Devalue  had  seen  multitudes  of  bacteria  in  the 
blootl  of  animals  who  had  died  of  anthrax,  but  he  did 
not  at  that  time  think  of  them  as  having  a  causal  rela- 
tion to  the  ilisease.  Xow,  however,  in  1803,  stiniulatetl 
by  Pasteur's  new  revi'lations  regarding  the  power  of 
bacteria,  he  returned  to  the  subject,  and  soon  became 
convinced,  thron<j;h  experiments  by  means  of  inocula- 
tion, that  the  microscopic;  organisms  he  had  discovered 
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were  tUe  veritable  and  the  sole  cause  of  the  infectious 
disease  anthrax. 

The  publication  of  this  belief  in  18G3  arouaeil  a  furor 
of  controrersy.  That  a  microscopic  vegetable  could 
cause  a  virulent  systemic  disease  was  an  idea  altogether 
too  startling  to  be  accepted  in  a  day,  and  the  generality 
of  biologists  and  physicians  demanded  more  convincing 
proofs  than  Devaine  as  yet  was  able  to  offer. 

Naturally  a  host  of  other  investigators  all  over  the 
world  entered  the  field.  Foremost  among  the^e  was  the 
German  Dr.  Kobeit  Koch,  who  soon  corroborated  all 
that  Devaine  had  observed,  and  carrieil  the  exiwrimeuts 
further  in  the  direction  of  the  cultivation  of  successive 
genenitiuns  of  the  bacteria  in  artiUcial  media,  inocula- 
tions being  niiido  from  such  pure  cultures  of  the  eighth 
generation,  with  the  astonishing  result  that  animals  thus 
inoculated  at  once  succumbed  to  the  disease. 

Such  experiments  seem  demonstnitive,  yet  the  world 
was  unconvinced,  and  in  1876,  while  the  controversy 
was  still  at  its  height,  Pnsteur  was  prevailed  upon  to 
take  the  mutter  in  hand.  The  great  chemist  was  be- 
coming more  and  more  exclusively  a  biologist  as  the 
years  passed »  and  in  reeent  years  his  famous  studies  of 
thesilk'Worm  diseases,  which  he  proved  dueto  bacterial  in- 
fect ion,  and  of  thccpiestion  of  spontan«i>usg*^nerationf  had 
given  him  unequalled  resources  in  miorose<)pical  technique. 
And  so  when,  with  the  aid  of  his  laboratory  associates 
Duclaus  and  Cluimberland  and  Roux,  he  took  up  the 
mooted  anthrax  question,  the  sciontifio  w^orld  awaited 
the  issue  with  bateil  breath.  And  ivhen,  in  1877,  Pas- 
teur was  ready  to  ro|)ort  on  his  studies  of  anthrax,  he 
came  forward  with  such  a  wealth  of  demonstrative  ex- 
periments—experiments the  rigid  accuracy  nf  which  no 
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one  would  fur  a  moment  think  of  questioning — agoing  t 
prove  the  bacterial  origin  of  anthrax,  that  soepticisi 
was  at  hist  quieted  for  all  time  to  come. 

llencefortli  no  one  could  doubt  that  the  oontagion 
disease  anthrax  is  due  exclusively  to  the  introdnctioi 
into  an  aniinaPs  system  of  a  specific  germ — a  micrc 
scopic  phint  —  which  develops  there.  And  no  logicfi 
mind  could  have  a  rccisonable  doubt  that  what  is  provei 
true  of  one  infectious  disease  would  some  day  be  prove* 
true  also  of  other,  perha))s  of  all,  forms  of  infection 
maladies. 

Hitherto  the  cause  of  contagion,  by  which  certaii 
maladit's  spn^ad  from  individual  to  individual,  had  beei 
a  total  niystJTv.  (juito  unillumined  by  the  vsigue  term 
"  nnasni,"  '*  humor/'  "virus,"*  and  the  like  cloaks  of  ig 
]i()ran<M*.  1  In-c  and  I  Lore  a  prophet  of  science,  as  Schwani 
and  llrnlc,  had  <ruossod  tlio  secret;  but  guessing,  in  sci 
«?ii('t\  is  i'-.w  (•iioui;h  from  knowing.  Now,  for  the  firs 
tim<'.  th<'  wnrlil  ///'//\  and  nuMlicine  had  taken  anothe 
•riirantic  stiitle  towards  the  heights  of  exact  science. 


v 
Meantime  in  a  ditronMit.  though  allied,  field  of  medi 
cino  then'  liad  Ixmmi  a  complementary  growth  that  la 
to  imme<liat<'  ivsults  of  even  more  practical  importance 
I  moan  the  theory  and  practice  of  antisepsis  in  surgery 
Tiiis  advance,  like  tli(>  other,  came  as  a  direct  outgrowtl 
of  Pasteur's  fermentation  studies  of  alcoholic  beverages 
though  not  at  the  hands  of  Pasteur  himself.  Struck  b; 
the  l>oun(lless  implications  of  Pasteur's  revelations  re 
garding  the  i)acteria.  Dr.  Joseph  Lister  (the  presen 
J^ord   Lister),  then  of  (ilasgow,  set  about  as  early  a 
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1S4>0  to  make  a  wonderfnl  a])plioation  of  these  ideas.  If 
l>iitref action  is  always  due  to  bacterial  development,  he 
argued,  this  must  apply  as  well  to  living  as  to  dead  tis- 
sues; hence  the  putrefactive  changes  which  occur  in 
wounds  and  after  oj>erations  on  the  human  subject,  from 
which  blood-poisoning  so  often  follows,  miglit  be  abso- 
lutely prevented  if  the  injured  surfaces  could  be  kept 
free  from  access  of  the  germs  of  decay. 

In  the  hope  of  accomplishing  this  result.  Lister  began 
ex|>erimenting  with  dnigs  that  might  kill  the  bacteria 
without  injury  to  the  patient,  and  with  means  to  pre- 
vent further  access  of  genus  once  a  wound  was  freed 
from  them.  How  well  he  suceeetled,  all  the  world 
knows ;  how  bitterly  he  was  antagonized  for  about  a 
score  of  veal's,  most  of  the  world  has  already  forgotten. 
As  early  as  I8G7,  Lister  was  able  to  publish  I'esults 
jwinting  towards  success  in  his  great  project  *  3*et  so  in- 
credulous were  surgeons  in  general  that  even  some  years 
later  the  leading  surgeons  across  the  Channel  ha<l  not 
so  much  as  heard  of  his  efforts.  In  1870  the  soldiers  of 
Paris  died,  as  of  old,  of  hospitJtl  gangrene ;  and  when  in 
1871  the  French  surgeon  Alphotis^e  Guerin,  stimulated 
by  Pasteur's  studies,  conceived  the  ide^i  of  dressing 
ivounds  with  cotton  in  the  lK>pe  of  keeping  germs  from 
entering  them,  he  was  tpiite  unaware  that  a  British  con- 
temporary  had  preceded  him  by  a  full  decade  in  this  ef- 
fort at  prevention,  and  had  made  long  strides  towanls 
complete  success.  Lister's  priority,  however,  and  the 
su[ieriority  of  his  metliot],  were  freely  admitted  by  the 
French  Academy  of  Science*  which  in  lf*81  officially 
crowne*!  his  achievement,  as  the  Royal  Society  of  r>on- 
don  Imd  done  the  year  before. 

By  this  time,  to  he  sure,  as  everybody  knows,  Lister's 
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new  metboda  \md  made  tbeir  way  ever^- where,  revolu- 
tionizing the  prjictice  uf  surgery,  aiul  pnictically  hunisl 
ing  from  the  eartb  niu ladies  tbat  bitberto  bad  been 
terror  of  tbe  snrgeon  and  tbe  oppn>briiim  of  bis  ai 
And  these  bedside  studies,  conducted   in    the   end   bj 
tbousands  of  men  who  had  no  knowletlge  of  raieroscopr 
bud  a  large  sharo  in  establiiiljing  the  general  belief  ii 
tbe  cauml  relation  that  micro-organisms  bear  to  disease^] 
\vhich  by  about  the  yt'ar  1880  had  taken  possession  tyt] 
tbe  medical  world.     Jiut  they  did  tnore;  they  brought 
into  equal  prominence  tbe  idea  that,  tbe  cause  of  a  dis- 
eased condition   being  known,  it   may   be   possible  as 
never  before  to  grapple  with  and  eradicate  tbat  condi- 
tion. 

Tbe  controversy  over  spontaneous  generation,  whiob, 
thanks  to  Pasteur  and  Tyndall,  liad  just  been  brotight 
to  a  termination,  made  it  cle^ir  tbat  no  bactenuni  neeil 
be  feared  where  an  antecedent  bacterium  had  not  fcjund 
lodgment;  Listerism  in  surgery  had  now  sViown  bow 
much  might  be  accomplished  towards  preventing  the 
access  of  germs  to  abraded  surfaces  of  the  bcxly,  and 
destroying  those  that  already  had  found  lodgment 
there.  As  yet,  however,  there  was  no  inkling  of  a  way 
in  which  a  corresjwnding  onslaught  might  be  made  upon 
tliose  other  germs  which  find  their  way  into  the  tinimal 
organism  by  way  of  tbe  mouth  and  the  nostrils,  and  which, 
as  was  now  clear,  are  tbe  cause  of  those  contagious  i\  ise:ises 
which,  Hi"st  and  last,  claim  so  large  a  prof^ortion  of  man- 
kind for  their  victims.  How  such  means  might  be 
found  now  became  tlie  anxious  tliought  of  every  Jm* 
aginative  |»hysician,  of  every  working  micro- biologist. 

As  it  happened,  the  world  was  not  kept  long  in  sus-l 
pense.     Almost  before  the  proposition  had  taken  %ibape 
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m  the  minds  of  the  other  leaders,  Pasteur  had  found  a 
solution.  Guided  by  the  empirical  success  of  Jeunerj 
he,  like  many  others,  had  long  practised  inoculation  ex- 
pi^rtiHents,  and  on  the  9th  of  February,  1880,  he  an- 
nounced to  the  French  Academy  of  Science  that  he  had 
found  a  method  of  so  reducing  the  virulence  of  a  disease 
germ  that,  wlien  introthiced  into  the  system  of  a  sus- 
ceptible animaU  it  produced  only  a  mild  form  of  tlie  dis- 
ease, which,  however,  sufficed  to  protect  against  the 
usual  virulent  form  exactly  as  vaccinia  protects  against 
small  pox.  The  ptuticular  disease  experimented  with 
was  that  infectious  malady  of  poultry  known  familiarly 
as  *' chicken  cholera."  In  October  of  the  same  year 
Pasteur  announced  the  method  by  which  this  ''attenu- 
ation of  the  virus,''  as  he  termed  it,  had  been  brought 
about— by  cultivation  of  the  disease  germs  in  artificial 
media,  exposed  to  the  air;  and  he  did  not  hesitate  to 
assert  his  belief  that  the  method  would  prove  **  suscepti- 
ble of  generalization  *' — that  is  to  say,  of  application  to 
other  diseases  than  the  particular  one  in  cjuestion. 

Within  a  few  months  he  made  good  this  prophecy, 
for  in  February,  1881,  he  announced  to  the  Academy 
that,  with  the  aid,  as  before,  of  Ijis  associates  MM. 
Chamberland  and  Koitx,  he  had  produced  an  attenuated 
virus  of  the  anthrax  tnicrolx^  b}'  the  use  of  which  he 
could  protect  sheep,  and  presumably  cattle,  against  that 
fatrd  malady. 

This  announcement  was  immediately  challenged  in 
a  way  that  brought  it  to  the  attention  of  the  entire 
world.  The  president  of  an  agricultural  society,  real- 
iziug  the  enormous  importance  of  the  subject,  proposed 
to  Pasteur  that  his  alleged  discovery  glmuld  he  submit- 
teti  to  a  decisive  public  teat,     tie  proposed  to  furtiisii  a 
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drtive  or  fifty  »licep,  half  of  whicK  wctus  to  be  inociilatt«d 
witli  the  attpfiiialed  virus  by  PiUiteur.  SLilisetjut^nll y  aJI 
the  shoeii  were  to  be  inoculatotl  u*itli  vinilcrit  virus,  all 
!ieing  kept  together  in  one  pen,  under  precisely  lhesatn<* 
cunditioiii.  Tfie  *'  prutt*cteil  *'  sheep  were  to  i^emain 
liealthy;  the  unprotected  ones  to  die  of  anlhrax;  »i 
rwul  the  terms  of  the  proposition.  Pasteur  acceptcil 
the  challenge;  he  even  yiermitted  a  change  jri  the  pm 
*«;ratiime  by  vvliioh  two  gouts  were  sitbstitute<l  for  two 
(if  tlie  shetjp,  lUiU  it2n  cattle  adiled  ;  iitipulating,  hr>\vever. 
that  since  his  experiments  hud  not  yet  been  extendetJ  to 
cattle,  these  shauhl  not  be  regardeii  us  falling  rigidly 
within  the  terms  of  the  test. 

U  was  a  test  to  try  the  soul  of  any  man,  for  all  the 
woHd  looked  on  askanoe,  |)repai'ed  to  deride  the  maker 
of  so  preptistonms  a  claim  as  soim  as  his  claim  should  Ije 
proved  baseless.  Nut  even  the  fame  of  Piistear  eiiuld 
make  the  public  at  large,  lay  or  scien title,  believe  in  the 
possibility  of  wlifit  he  proposed  to  acc<im[)liish.  There 
was  time  for  all  the  world  to  be  informed  of  the  priToetl- 
u re*  for  the  first  "preventive"  inoculation,  or  vaofjina- 
tiouj  as  Pasteur  terme<l  it,  was  made  on  the  5th  of  May, 
the  second  on  the  17th;  and  another  interval  of  two 
weeks  must  elapse  before  the  Unal  inoculations  with  the 
unattennated  virus.  Twenty-four  sheep^  one  goat,  and 
five  cattle  were  submitted  to  the  preliminary  vaccina- 
tions. Tiien,  on  ihi*  31st  of  May.  all  sixty  of  the  ani- 
mals were  inoculated,  a  protected  and  an  unprotected 
one  alternately,  with  an  extremely  virulent  culturo  qf 
anthrax  microbes  that  had  been  in  Pasteur's  laboratory 
since  187T.  This  accomplished^  the  animals  were  left 
together  in  one  enclosure,  to  await  the  issue. 

Two  days  later,  the  2d  of  June,  at  the  appointed  hour 
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of  rendezvous,  a  ?ast  crowd,  comiK>sed  of  veterinary  sur- 
geons, newspaper  correspon dents,  and  farmers  from  far 
and  near,  gathered  to  witness  the  closing  scenes  of  this 
scientittc  tourney.  What  they  saw  was  one  of  the  most 
dramatic  scenes  in  the  liistory  of  i>eaceful  science — a 
scene  which,  as  Fiisteur  declared  afterwards,  '^  ama/^ed 
the  assembly/'  Scattered  about  the  encbsui^,  dead, 
dying,  or  manifestly  sick  unto  de^Uh,  lay  the  unprotected 
animals,  one  and  all;  while eiich  and  every  *\|jrotected'* 
animal  stalked  unconcernedly  about  with  every  appear- 
ance of  perfect  health.  Twenty  of  the  sheep  and  the 
one  goat  were  already  dead ;  two  other  sheep  expired 
under  the  eyes  of  the  spectators  ;  the  remaining  victims 
lingered  but  a  few  hours  longer.  Tlius  in  a  manner 
theatrical  enough,  not  to  say  tragic,  was  proclaimed  the 
unequivocal  victory  of  science.  Natumlly  enough,  the 
unbelievers  struck  their  colors  and  surrendered  without 
terms;  the  principle  of  protective  vaccination,  with  a 
virus  experimentally  prepared  in  the  laboratory,  was  bb- 
tablislied  beyond  the  reach  of  controver"sy. 

That  memorable  scientific  battle  marked  the  begin- 
ning of  a  new  era  in  medicine.  It  w^as  a  foregone  con- 
elusion  that  tlie  principle  thus  establislied  would  be  stiil 
further  generalized ;  tluit  it  would  be  iipplitHl  to  human 
maladies;  that,  in  all  probability,  it  would  grapple  suc- 
oessfully^  sooner  or  later,  vvitb  many  infectious  diseases. 
That  ex|>ectation  has  advanced  rapidly  towaitls  realiza- 
tion. Pasteur  hhnself  made  tiie  application  to  the  hu- 
man subject  in  the  disease  hydrophobia,  in  1885,  since 
which  time  that  hitherto  most  fatal  of  maladies  has 
hirgely  lost  its  terrors.  Thousands  of  persons,  bitt-en 
by  mad  dogs,  have  been  snatcheii  from  the  fatal  conse- 
ijuences  of  that  mishap  by  this  method^  at  the  Pasteur 
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Instittite  in  Paris,  and  at  the  HimiUir  instituteftr  bnitt  on 
the  moiiel  of  t bis  parent  one^  that  have  been  efilablished 
all  over  the  world,  in  regions  as  widely  sepataied  as 
New  York  and  Nha-Trang. 


VI 


In  the  production  of  the  rabies  vaccine  Paslear  and 
his  associates  developed  a  method  of  attennation  of  a 
virus  quite  different  from  that  which  bad  been  emp^ved 
in  the  case  of  the  vaccines  of  chicken  cholera  and  of  an- 
111  rax.  Tlie  rabies  virus  was  inoculated  into  the  sjstein 
of  guinea-pigs  or  mbbits,  and,  in  effect,  cultivated  in  the 
systems  of  these  animals.  The  spinal  corci  of  these  in- 
fected animals  was  found  to  be  rich  in  the  virus»  which 
rapidly  became  attenuated  when  the  cord  was  dried  in 
the  air.  The  preventive  virus^  of  varying  strengths,  was 
made  by  maceration  of  these  cnrtls  at  varying  stages  of 
desiccation.  This  cultivation  of  a  virus  within  the  nni- 
mal  organism,  suggested,  no  doubt^  by  the  familiar  Jen- 
nerJau  method  of  securing  smallpox  vaccine,  was  at  I  he 
same  time  a  step  in  the  direction  of  a  new  therapeutic 
procedure  which  was  destined  presently  to  become  of 
all-absorbing  importance— the  method,  namely,  of  so- 
called  serum-therapy,  or  the  treatment  of  a  diseitse  with 
the  blood  serum  of  an  animal  that  has  been  subjected  to 
protective  inoculation  again£t  that  disease. 

The  ixjssibility  of  such  a  method  was  suggested  by 
thefamiUar  observation,  made  by  Pjisteur  and  numerous 
other  workers,  that  animals  of  different  8j>ecies  differ 
widely  in  their  susceptibility  to  various  maladies ;  and 
that  the  virus  of  a  given  disease  may  become  more  and 
more  virulent  when  passed  through  the  system^}  of  suo 
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dessive  individuals  of  one  species,  and,  cod  trad  wise,  loss 
and  less  virulent  when  passed  through  the  systems  of 
successive  individuals  of  another  specie.     These  facts 


LOUIS  l*Aal^Ult 

suggested  the  theory  that  the  bIoi>d  of  resistant  animals 

might  contain  something  directly  antagonistic  to  the 

virusj  atid  the  Iiope  that  this  something  might  be  trans- 

ivred  with  cumtivti  eATvoi  to  the  bluud  of  an  infected 

iptible  animal.     Numerous  ex|x>riaionters  all  over 
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the  wurld  mmU  irive&tt^tton^  niong  Uie  line  of  this 
luring  possibility,  the  leaders  porhaps  Ini'mg  l)rs.  Ikbi 
and  KitasatOf  closely  follo^ved  by  Dr.  Kovtx  smd  bU  SA- 
sociates  of  the  Pasteur  Inslitule  of  Pans.     Definite 
suits  were  unuouiiced  by  liehrtpg  in  18l>a  regarding  Iw* 
important  diseases — tetanus  and  dipbtbenm— but  tbi 
inetho*i  did  not  come  into  general   notice   antil   1894, 
wljcn  Ur.  Koux  read  an  epoch  iiiarking  paper  on  tbesul 
ject  at  the  Congress  of  Hygiene  at  BudaPe^tb, 

In  tbis  pujKjr,  Dr.  Roax,  after  adveiting  to  the  labors 
of  Bebring,  Ehrlich,  Boer,  Kossel,  and  Wasserman,  de-i 
scribed  in  detail  tbe  methods  that  bad  been  dert!i1opc<fj 
at  tbe  Pasteur  Institute  for  the  developiiaent  of  tbe  cura^ 
tive  serum,  to  wbich  Behring  had  given  the  since  famibarl 
name  antitoxine.    The  method  consists,  Orst,  of  the  cul- 
tivation^ for  some  montbs,  of  the  diphtheria  bacillus 
(called  tbe  Klebs-Loettier  bacillus,  in  honor  of  its  di 
coverers)  in  an  artificial   bouillon,  for  tbe  dev^oJopraeni 
of  a  powerful  toxine  capable  of  giving  the  disease  in 
virulent  form. 

This  toxine,  after  certain  details  of  mecbaoical  treai 
ment,  is  injected  in  Bmall  but  increasing  doses  into  th 
system  of  an  animal,  care  being  taken  to  graduate  tb4 
amount  so  that  tbe  animal  dot^s  not  succumb  to   tbe 
disease.     After  a  certain  course  of  this  treatment  it 
found  that  a  portion  of  blood  serum  of  the  animal 
treated  will  act  in  a  curative  \va_v  if  injected  into  tl 
blood  of  another  animal,  or  a  human  patient,  siiffenni 
with  diphttieria.     In  other  words,  according  tc>  theorv^ 
an  antitoxine  has  been  developed   in  tbe  system   oi 
the   animal   subjected   to  the  progressive  inoculatioi 
of   the   diphtheria   toxine.    In   Dr.  Roux's   experien< 
the   animal  best  suited   for  the  purpose  is  the  h^ 
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thou*rh  almost  anv  of  the  domesticated  auimals  will 
serve  the  purpose. 

But  Dr.  Roux's  paper  did  not  stop  with  tbe  descriptlan 
of  laboratory  methmls.  It  told  also  of  tbe  practical  ap* 
plication  of  the  serum  to  the  treatment  of  numerous  cases 
of  diphtheria  in  the  hospitals  of  Paris — applications  that 
had  met  with  a  gratifying  measure  of  success,  lie  made 
it  clear  that  a  means  ha<l  been  found  uf  coping  success- 
fully with  what  had  been  one  of  tbe  most  virulent  and 
intractable  of  tbe  diseases  of  childhood.  Hence  it  was 
not  strange  that  bis  paper  made  a  sensation  in  all  circles, 
medical  and  lay  alike. 

Physicians  from  all  over  the  world  flocked  to  Parts  to 
learn  the  details  of  the  open  secret,  and  within  a  few 
months  tbe  new  serum-tlierapy  had  an  acknowledged 
standing  w  ith  the  medical  profession  everywhere.  What 
it  had  accoinphsbed  was  I'egarded  as  but  an  earnest  of 
what  the  new  method  might  accomplish  presently  when 
applied  to  the  other  infectious  diseases- 
Efforts  at  such  applications  were  immediately  begun 
in  numberless  directions — IkuI,  indeed,  been  under  way 
in  many  a  laboratory  for  sotne  years  before.  It  is  too 
early  yet  to  speak  of  the  results  in  detail.  But  enough 
has  been  done  to  ahfiw  that  this  methoil  also  is  suscep- 
tible of  tbe  widest  generalization.  It  is  not  easy  at  the 
present  stage  to  gift  that  which  is  tentative  from  that 
which  will  be  permanent ;  but  so  great  an  authority  as 
ilehring  does  not  hesitate  to  affirm  that  to^ay  we  pos- 
sess, in  addition  to  the  tliphtheria  arititoxine,  equally 
specific  antitoxines  of  tetanus,  cholera^  typhus- fever, 
pneumonia,  and  tuberculosis— a  set  of  diseases  which  in 
the  aggregate  account  for  a  startling  profiortion  of  the 
sneral  dealb-rate,    Then  it  is  known  that  Dr.  Ycrsio, 
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with  the  collaboration  of  his  former  cx>lleagues  of  the 
Pasteur  Institute,  has  developed,  and  has  used  with  suo* 
cess,  an  antitoxine  from  the  microbe  of  the  plague  which 
recently  ravaged  China. 

Dr  Culmette,  another  graduate  of  the  Pasteur  Insti- 
tute, has  extended  the  range  of  the  serum -therapy  to 
include  the  prevention  and  treatment  of  poisoning  by 
venoms,  and  has  developed  an  antitoxine  that  has  ai* 
ready  given  immunity  from  the  lethal  effects  of  snake 
bites  to  thousands  of  persons  in  India  and  Australia. 

Just  how  much  of  present  promise  is  tentative ;  jast 
what  are  the  limits  of  the  methods — these  are  questions 
for  the  future  to  decide.  But,  in  any  event,  there  seems 
little  question  that  the  serum  treatment  will  stand  as  the 
culminating  achievement  in  thera|3eutics  of  our  century; 
It  is  the  logical  outgrowth  of  those  experimental  studies 
with  the  microsco[>e  begun  by  our  predecessors  of  the 
thirties,  and  it  represents  the  present  culmination  of  the 
rigidly  experimental  method  which  has  brought  medi- 
cine from  a  level  of  fanciful  empiricism  to  the  plane  of 
a  rational  ex |>eri mental  science. 
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CHAPTER    XIT 

THE    CEHTURTS    PROGRESS    IN    EXPERIME^STAL    PSY 
CHOLOGY 


A  LTiTLE  over  a  hundred  years  ago  a  reform  move- 
ment was  afoot  in  the  world  in  tlie  interests  of  the  in- 
sane. As  was  fitting,  the  movement  showed  itself  first 
Id  America,  where  these  unfortunates  were  humanely 
cared  for  at  a  time  when  their  treatment  elsewhere  was 
worse  than  brutal;,  but  England  and  France  quickly  felt 
into  line.  Tlie  leader  on  this  side  of  the  water  was  tlie 
famous  Philadelpbian,  Dr.  Benjamin  Hush, "  the  Syden- 
ham of  America  '* ;  in  England,  Dn  William  Tuke  inau- 
gurated the  movement;  and  in  France,  Dr.  Philippe 
Pinel,  single-handed,  led  the  way.  Moved  by  a  com- 
mon spirit*  though  acting  quite  indej>endently,  these 
men  raised  a  revolt  against  the  traditional  custom 
which*  spurning  the  insane  as  demon- haunted  outcasts, 
had  condemned  these  unfortunates  to  dungeons,  chains, 
and  the  lash.  Hitherto  few  people  had  thought  it  other 
than  the  naturul  course  of  events  that  the  "raaniric" 
should  he  thrust  into  a  dungeon,  and  |»erhaps  chained 
to  the  wall  with  the  aid  of  an  iron  band  riveted  [ler- 
manently  about  his  neck  or  waist.  Many  an  unfortu* 
nate,  thus  manacletl,  was  held  to  the  narrow  limits  of 
his  chain  for  years  togetlicr  in  a  cell  to  which  full  day- 
light never  penetrated ;  sometimes — iron  being  expen- 


THE  STOIIV   OF  XINETKENTll^ENTUKY   SCIENCE 

sivo^tlio  uliuiii  was  so  short  that  the  wretched  victim 
t^Qiikl  not  rise  to  the  upriglit  posture,  or  uven  shift  bis 
position  upon  his  sipialid  pallet  of  straw. 

In  America,  imieed^  there  being  no  Middle  Age  prece- 
dents to  crystallize  into  established  customs,  tlie  treitt- 
ment  accorded  the  inscine  hatj  seldom  or  never  sunk  to 
this  level.  Partly  for  this  reason,  [lerhaps,  tlie  work  of 
Dr.  Rush,  at  the  Phihidelplua  riospiiaK  in  1784,  by 
means  of  which  the  insane  came  to  be  humanely  treat- 
ed, even  to  the  extent  of  banishing  the  lash,  has  been 
but  little  noted,  while  the  work  of  the  European  lead* 
el's,  though  belonging  to  luter  decades,  has  been  made 
famous.  And  i>erhaps  this  is  not  as  unjust  as  it  soems, 
for  the  step  which  Kush  took,  from  relatively  bad  to 
good,  was  a  far  easier  one  to  lake  than  the  lea|>  from 
atrocities  to  good  treatment  which  the  European  re- 
formers  were  obliged  to  compass*  In  Paris,  for  exam- 
ple, Pinel  was  obliged  to  ask  permission  of  the  authori- 
ties even  to  make  the  attempt  at  lilx-rating  the  iti^ne 
from  their  chains,  and  notwithstanding  his  rocogni/jed 
po?iition  as  a  leader  of  science,  he  gaitied  but  grudging 
assent,  and  wiis  regarded  as  being  himself  liitle  better 
than  a  lunatic  for  making  so  manifestly  unwise  and 
hopeless  an  attempt.  Once  the  attempt  had  been  made, 
however,  and  ciirried  to  a  successful  issue^  the  amelio- 
ration wrouglit  in  the  condition  of  the  insane  was  so 
patent  that  the  fame  of  Pinel's  work  at  the  Btcetro  fnd 
the  Salpetriere  went  abroiul  apace.  It  required^  indeed, 
many  years  to  com[ilete  it  in  PariK,  and  a  lifetime  of 
effort  on  the  part  of  PineTs  pupil  Es<jnirol  nnd  othere 
to  extend  the  reform  to  the  provinces;  but  tlio  o)>oohal 
turning- point  had  been  reached  with  PinePs  labors  of 
the  closing  years  of  tlie  eighteenth  century. 
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The  significance  of  this  wise  and  liuiaane  reforra,  in 
the  present  connectioQ,  is  the  fact  tbat  these  studies  of  tlie 
insane  gave  emphasis  to  the  novel  idea,  which  by-and-by 
became  accepted  as  beyond  questioUj  that  *'  demoniacal 
possession  "  is  in  reality  no  more  than  the  outward  ex- 
pression of  a  diseased  condition  of  the  brain.  This  real- 
ization made  it  clear,  as  never  before,  how  intimately 
the  mind  and  the  body  are  linked  one  to  the  other.  And 
so  it  chanced  that  in  striking  tlie  shackles  fmm  the  in- 
sane, Pinel  and  bis  confreres  struck  a  blow  also,  un- 
wittingly, at  time  -  honored  philosophical  traditions, 
The  liberation  of  the  insane  from  their  dungeons  was 
an  augury  of  the  liberation  of  psychology  from  the 
musty  recesses  of  metaphysics.  Hitherto  psychology, 
in  so  far  as  it  existed  at  all,  was  but  the  subjective 
study  of  individual  minds;  in  future  it  must  become 
objective  as  well,  taking  into  account  also  the  relations 
which  the  mind  bears  to  the  body,  and  in  particular  to 
tlie  brain  and  nervous  system. 

The  necessity  f«>r  this  collocation  was  advocated  quite 
as  earnestly,  and  even  more  directly,  by  another  worker 
of  this  period,  whose  studies  were  allied  to  those  of 
Alienists,  and  who,  even  more  actively  than  they,  focal- 
ized his  attention  upon  the  brain  and  its  functions.  This 
earliest  of  specialists  in  brain  studies  was  a  German  by 
birth,  but  Parisian  by  adoption,  Dr,  Franz  Joseph  Gall, 
originator  of  the  since  notorious  system  of  phrenology. 
The  merited  disrepute  into  which  this  system  has  fallen 
through  the  expositions  of  peripatetic  el  tarlatans  should 
nut  make  us  forget  that  Dr.  Gall  himself  w^as  appar- 
ently a  highly  eilumted  pfiysician,  a  careful  student 
of  the  brain  and  mind  according  to  the  best  light 
of  his  time,  and,  withal,  an   earnest  and  honest  be- 
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liever  in  the  valitlity  of  the  s>'8l*>m  be  had  origiiial 
The  sy stein  limit,  taken  as  a  irbofe,  was  ha|>eh 
faulty,  yet  it  was  not  without  its  latent  *^Tm  of  trul 
as  hitfi'  studies  were  to  show,     llovv  lirmly  its  aiilhi 
himself  believed  m  it  is  uvideiiced  by  the  }>*iper  whi 
he  contributed  to  tht?  Fmnch  Academy  of  Sctenoe 
1SU8,    The  paj>er  itself  was  re f tarred  to  a  committee 
which  l*inel  und  Guviur  were  iiiemI>ei'S-    The  verdict 
this  committee  was  ndvei'se,  and  justly  so;  yet  the  sj 
tern  conilemned  had  at  lejist  one  merit  ivluch  its 
tractors  failed  to  realize.     It  }>oiMdarizi?Hl  the  concepli 
that  the  brain   is  tbe  organ  ol  mind.     Moreover^  by 
ita  insistence  it  rallied  about  it  a  band  of  scientific  si 
porters,  chief  of  wliom  was  Dr.  Kiispar  Spurzheiin,, 
man  of  no  mean  abilities,  who  became  the  propa*?^ndi 
of  phrenrdogy  in  England  and  in  America.     Of  com 
such  advocacy  and  popularity  stimulated  opposition 
well,  and  out  of  the  disputations  tiius  arising  thei-e  gi 
presently  a  general  interest  in  the  brain  as  the  organ 
mind,  quite  aside  from  any  preconce[itions  whatever 
to  the  doctrines  of  Gall  and  Si»ur7:lje)m, 

Prominent  among  the  unprejudiced  class  of  >vork< 
who  now  appeared  was  the  brilliant  young  Frenchman7 
Louis  Antoine  Desmoulins,  who  studied  iirst  under  the 
tutorage  of  the  famous  Magendie,  antl  piibligheil  jornllj 
with  him  a  classical  work  on  the  nervous  system  of  v< 
tebrates  in  18*25.     Desmoulins  made  at  least  one  dU 
ery  of  epochul  importance.    lie  observe*!  that  the  brail 
of  persons  dying  in  old  age  wore  lighter  than  the  tivi 
age,  and  gave  visible  evidence  of  atrophj',  and   he  n 
soned  that  such  decay  is  a  normal  accompaniment 
senility.    Ko  one  nowadays  would  question   tlio  ai 
racy  of  this  observation,  but  the  scientitic  worki  w 
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not  quite  ready  for  it  in  1835  ;  for  when  Desmoulins  an- 
nounced h)3  discovery  to  the  Frencii  Academy,  that 
august  and  somewhat  patriarchal  body  was  moved  to 
quite  unscientific  wrath,  and  forhade  the  young  icono- 
clast the  privilege  of  further  hearings.  From  which  it 
is  evident  that  the  partially  liberated  spirit  of  the  new 
psychology  had  by  no  means  freed  itself  altogether,  at 
tlie  close  of  the  first  quarter  of  our  century,  fmm  the 
metaphysical  cobwebs  of  its  long  incarceration. 


n 

While  studies  of  the  brain  were  thus  being  inaugu- 
rated, the  nervous  system,  which  is  the  channel  of  oom- 
inunication  between  the  brain  and  the  outside  world, 
was  being  interrogated  with  even  more  tangible  results. 
The  inaugural  discovery  was  made  in  IHll  by  Dr. 
(afterwards  Sir  Cljarles)  Ik41,  tlio  famous  English  sur- 
geon and  experimental  physiologist.  It  consisted  of 
Hie  observation  tliat  thtt  anterior  roots  of  the  spinal 
nerves  are  given  over  to  the  function  of  conveying 
motor  impulses  from  the  brain  outwartl,  whereas  the 
posterior  roots  convey  solely  sensory  inqyulses  to  the 
bniin  from  without.  Ifitfierto  it  had  been  sup^wsed 
that  all  nerves  have  a  similar  function,  and  the  peculiar 
distribution  of  tlie  spinal  nerves  had  been  an  unsolved 
pus^/Je* 

llelPs  discovery  was  e[K>cl]a) ;  but  its  full  significance 
was  not  appreciateil  for  a  decnde,  nor,  indeed,  was  its 
validity  at  fiist  admitted.  In  Paris,  in  particular,  then 
the  court  of  final  appeal  in  all  nnitters  scientific,  the  al 
leged  <lisco very  xvas  |ook(Ml  at  nskance,  or  quite  ignored. 
Hut  in  1823  the  subject  was  taJcen  up  by  the  recognized 
ac  401 
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leader  of  Frc^nch  |ihyslolagy — Fnuivois  Magenilio — i 
tile  coarse  of  his  cornprehoDsire  exparimenud  studias 
the  nervous  systciiu  ami  fklTs  eonchiiiioiis  were  iftul>j< 
ed  to  tlic  most  rigid  (.'Xpi^rimt^nta]  U^t.s,  und  found  ^\ 

getber  vxilid.     IJell  birasel 
meanwhile,  had  turned  iii 
attentiou    to    the    cmtti 
nerves,    and     hati    [>Povt 
that  thesti  also  are  diTisibl^ 
inta  two  sets— ^sensory  and' 
motor.  Som€»timef^  indeed,. 
the  two  sets  of  filaments 
a  re  CO m  bi  n e<  1  i  n  to  o ne  nerve 
conl,  but.  if  traced  t^n  tbeir 
origin,  these  are  found  to 
arise  from  different   brain | 
centres.    Thus  it  was  clear | 
that.   !i    hitherto    unrecog 
nized   duality   of  function 
j>ertaii!S  to  the  entire  extnt- 
cmnifil     nervous     system. 
Auy  impulse  sent  from  the  periphery  to  the  brain  must 
be  conveyed  ah>ng  a  }>erfectty  definite  channel;    tbe] 
response    from    the    brain,  sent   out   to  the  peripbeml 
muscles,  must  traverse  an  equally  detinite  and  altogether 
different  course.    If  either  channel  fa  interrupted — as  by  I 
tbe  section  of  its  particular  nerve  tract— the  correspond- 
ing message  is  dented  transmission  as  effectually  as  an 
electric  current  is  stopped  by  the  section  of  the  ttiing-J 
m itti ng  wire. 

ExperimoDters  every  where  soon  conlirmed  the  oWr- 
vations  of  Bell  and  Magendio;  and,  as  alwa^'s  hap[>em 
after  a  great  discovery,  a  fr'esli  impulse  was  given  to 
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vestigations  in  allied  tieUla.  Nevertheless,  a  full  decade 
elapsed  before  another  discovery  of  otjuipamble  impor- 
tance was  made.  Then  Marshall  Hull,  the  mast  famous 
of  English  pbysicians  of  bis  day,  made  his  classical  ob- 
servations on  the  phenomena  tiiat  henceforth  were  to  be 
known  as  reflex  action.     In  1832*  while  experimenting 


one  day  with  a  decapitated  newt,  he  observed  that  the 
headless  creatnre*s  Hmljs  would  contract  in  direct  re- 
sponse to  certain  stimuli.  Such  a  response  could  no 
longer  be  secured  if  the  spinal  nerrcs  supplying  a  part 
were  sevoretJ.  Hence  it  was  clear  that  res|X)nsive  cen- 
tres exist  in  the  spinal  cont  capable  of  receiving  a  Ben* 
siiry  mesnage,  and  of  transmitting  a  motor  impnlge  in 
reply-— a  function  hitherto  supposed  to  be  reservetl  for 
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tlie  bmin,  Furt hi^r  Btudteti  wisol  Ut  show  that  such  pbt 
namenaof  reHex  aclicjn  oil  the  part  of  centres  lying  oal 
side  tite  range  uf  consciousness,  both  in  the  spmiiJ  cor 
and  in  the  brain  itself,  are  uxlrernely  common ;  tliat, 
abort,  they  enter  constantly  into  the  activities  of  ei 
living  organism,  arul  have  a  most  important  share  in  tb^ 
sum  total  of  vital  movements-  Hence,  HiilTs  discovery 
must  alvvaj's  stand  as  one  of  the  great  miie-stones  of  tin 
advance  of  neurological  science. 

All  tbese  considerations  as   to  nerve   currents   and 
nerve  tracts  becoming  stock  knowledge  of  science,  it 
was  natural  that  interest  >ibould  become  stimulated  as 
to  the  exact  character  of  tljese  nerve  tmcta  in  them- 
selves; and  all  the  more  natural  in  that  the  ix^rftx^te*! 
microscof>e  was  just  now  claiming  all  delds  for  its  own.  , 
A  troop  of  observers  soon  entered  U|>on  tlie  study  of  the 
nerves;  and  the  leader  here,  as  in  so  many^  other  lines 
of  microscopical  research,  was  no  other  than  Tbecnlor 
Schwann,     Through  his  efforts,  ami  with  the  invaluable 
aid  of  sucti  other  workers  as  Remak,  Purkijije,  Henle. 
Miiller*  and  the  rest,  all  the  mystery  :is  to  the  general 
eharacteristtcs  of  nerve  tracts  was  cleared  awaj'*     II 
came  to  \}q  known  that  in  its  essentinls  a  nerve  tract  is 
a  tenuous  iil>re  or  thread  of  pn>t£i|plasm,  stretching  be- 
tween two  terminal  points  in  the  organism — one  of  such 
termini  being  usually  a  c*?U  of  the  brain  or  spinal  conl; 
the  other,  a  distribution  [K>int  nt  or  near  the  periphery— 
for  example,  in  a  muscle  or  In  the  skin.    Such  a  fibril  may 
have  about  it  a  protective  covering,  which  is  known  as  the 
sheath  of  Schwann;  but  the  fil>ril  itself  is  the  ess€*ntial 
nerve  tract;  and  in  many  cases,  as  Reniak  presently  di>; 
covered,  the  sheath  is  dispensed  with,  particularly  in 
Case  of  the  nerves  of  the  so  called  sympathetic  systcni. 
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Tbis  sympathetic  system  of  ganglia  and  nerves,  by- 
tlifrbye,  had  long  been  a  puzzle  to  the  physiologists.  Its 
jj^unglia,  the  seeming  centres  of  the  system,  usuiilly  mi- 
nute in  size,  and  never  very  large,  are  found  every  wljere 
til  rough  the  organism,  but  in  jmrticulur  are  gathered 
into  a  long  doubJe  chain  which  lies  within  the  body  cav- 
ity^ outsitle  the  spinal  column,  ami  ret>resetUs  the  sole 
nerrous  system  of  the  non-vertebrated  organisms.  Fi- 
brils from  these  ganglia  were  seen  to  join  the  cranial 
arid  spinal  nerve  tibrils,  and  to  accompany  them  every- 
where, but  what  specitU  function  they  subserved  was 
long  a  mere  matter  of  conjecture,  and  led  to  many  ab- 
surtl  speculations.  Fact  was  not  substituted  for  conject- 
ure until  about  the  year  1851^  when  tlie  great  French- 
man Claude  Bernartt  conclusively  pro  veil  that  at  least 
one  chief  function  of  the  sympathetic  librils  is  to  cause 
contraction  of  the  walls  of  the  arterioles  of  the  system, 
thus  regulating  the  blood-supply  of  any  given  part.  Ten 
yeju-s  ciirlier  Ilenle  had  demonstrated  the  existence  of 
armular  bands  <>f  muscle  fibres  in  the  arterioles,  hitherto 
a  much  mooted  quc^^tion,  and  several  tentative  explana- 
tions of  the  action  of  these  tibrt»s  had  been  made,  par* 
ticularly  by  the  brothers  Weber,  by  Stilling,  who^  as 
early  us  184t>,  had  ventured  to  speak  of  ''vasomotor*' 
nerves,  and  by  Scbiff.  who  was  hani  upon  the  same 
track  at  the  time  of  Bernartrs  discovery.  But  a  clear 
light  was  not  thrown  on  the  snbjet't  until  Bernard*8  ex- 
jieriraent^  were  nuide  in  1851.  The  experiments  were 
soon  after  confirmed  and  extended  by  Broivn  Sequanl, 
W;d]er,  Budge,  and  numerous  otlieFS,  and  henceforth 
physiologists  felt  that  they  understmHl  how  t)ie  blood- 
suppty  of  any  given  [wirt  is  regulated  by  the  nervous 
system. 
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In  reality,  however,  tboy  hud  learned  only  half  tl 
story,  aa  Bernard  himself  proveti  only  u  feiv  years  lal 
by  oponin^  up  a  new  and  quite  unsuspected  chapterj 
While  cxperi  men  ling  in  185s  be  diacoverecJ  that  Lbet 
ure  certain  nerves  supplying  tlie  heart  wliicb,  if  siiini 
laled,  cause  tlmt  or^ii  to  relax  and  oease  beating.  As' 
the  heart  is  essentially  nothing  mure  than  ;iti  ajj^gr^a- 
tioa  of  muscles^  this  phenoroenon  was  utterly  puzding 
and  without  precedent  in  the  experience  of  physi- 
ologists. An  impulse  iravelling  idung  a  motor  nerve 
had  been  supi>osed  to  be  able  to  cause  a  muscular  cog* 
traction  and  to  do  nothing  else;  yet  here  such  an  im- 
pulse had  exactly  the  opi>osite  effect.  The  only  tenable 
explanation  seenieil  to  be  tlial  this  particular  imputse 
must  arrest  or  inhibit  the  action  of  the  imputses  that 
ordinarily  cause  ttie  heart  muscles  to  contract.  But  the 
idea  of  such  inhibition  of  one  impulse  by  anolber  wiis 
utterly  novel,  and  at  first  difficult  to  comprehend. 
Gradually,  however,  the  idea  took  its  place  in  the  cur- 
rent knowledge  of  nerve  physiology,  and  in  tirao  it  cjime 
to  be  understood  that  what  happens  in  the  case  of  the 
heart  nerve-supply  is  only  a  particular  case  under  a  very 
general,  indeed  universal,  form  of  nervous  action.  Grow-- 
ing  out  of  Bernard*s  initial  discovery  came  the  final  un* 
derstanding  that  the  entire  nervous  system  is  a  mechan* 
ism  of  centres  subordinate  and  centres  superior,  the 
action  of  the  one  of  Avhich  may  be  counteracted  and 
annulled  in  effect  by  the  action  of  the  otlier.  This  a|v 
plies  not  merely  to  such  physical  processes  as  heart- 
beats and  arterial  contraction  and  relaxing,  but  to  the 
most  intricate  functionings  whioh  liave  their  counterpart 
in  psychical  processes  as  well.  Thus  the  al>servation  of 
the  inhibition  of  the  heajl's  action  by  a  nervous  imfiulse 
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furnished  the  point  of  departure  for  studios  that  leil  to 
a  better  understanding  of  the  modus  operandi  of  the 
mind's  activities  than  had  ever  previously  been  attained 
by  the  most  subtle  of  psychologists. 


ni 


The  work  of  the  nerve  physiologists  fiad  thus  an  im- 
portant  bearing  on  questions  of  the  mind.  But  there 
was  another  company  of  workers  of  this  period  who 
made  an  even  more  direct  assault  upon  the  *'cit{idel  of 
thought."  A  remarkable  school  of  workers  had  devel- 
oped ill  Germany,  the  lea<iers  being  men  who,  having 
more  or  less  of  innate  metaphysical  bias  as  a  national 
birthright,  had  also  tlie  instincts  of  the  empirical  scien- 
list,  and  whose  educational  equipment  included  a  pro- 
found knowledge  nut  alone  of  ]>hysiok>gy  and  psycholo- 
gy, but  of  physics  and  mathematics  as  well.  These  men 
undertook  the  novel  t^sk  of  interrogating  tlie  relations 
of  botly  and  mind  from  tlie  stantl -point  of  physics. 
They  sought  to  apply  the  vernier  and  the  balance,  as  far 
as  might  bCj  t<>  tlie  intangible  processes  of  mind* 

Tlie  movement  had  its  precui-sory  stages  in  the  early 
part  of  tlie  century,  notably  in  the  mathematical  psy- 
chology of  Ilerbartjbutits  fii-st  delinitiveoutputtoattract 
general  attention  came  from  the  master  hand  of  Hermann 
UelrahoUz  in  I S5 1 .  It  consisted  of  the  accurate  measure- 
ment  of  the  speed  of  transit  of  a  nervous  impulse  along 
a  nerve  tract,  To  make  such  measurement  had  Ijeen  re* 
garded  as  impossible,  it  being  supposed  that  the  flight  of 
the  nervons  impulse  was  practically  instnn  tan  eons.  But 
Holmholtz  readily  demonstmt^'d  the  contrary,  showing 
that  the  nerve  coitl   is  a   relatively  sluggish  message- 
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Wiirer.  AeuordiDg  to  hk  ex jw*ri mentis,  firsst  perfomwd 
upon  the  frog,  the  nervous  "current''  travets  \es&  tliau 
one  liuodreti  feet  per  secuiul  Other  exjmnments  [Jer- 
formed  soon  afterward  hy  HBlriibollx  himself,  iUid  bjr 


mun*  TtV   QOIft   TUYMCiItD 


various  fo]lo\vers,  chief  araon^  wUom  was  Du  lJals-H«iv-j 
iiiond,  modilied  somewhat  the  exact  ligures  at  tirst  ob-' 
tiiined,  but  did  not  change  the  general  hearings  of  th<5^ 
early  results.  Thus  the  nervous  ini|>uke  was  shown  to, 
be  something  far  different,  as  regards  speed  of  transit, 
at  any  rate,  from  the  electric  current  to  which  it  had 
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I  been  so  often  likened.  An  electric  current  would  flash 
half-way  round  the  ^lobe  while  a  nervous  impulse  could 
travel  the  length  of  the  human  bcKly^frora  a  man^s  foot 

■  to  his  brain. 
The  tendency  to  bridge  the  gulf  that  hitherto  had 
separated  the  physical   fruni  the  psychical  world  was 
further  evidenced  iu  the  follawing  decade  hy  Ilolinhoitz's 
i*emarkable  but  highly  technical  study  of  ihe  sensations 
of  sound  and  of  color  in  connection  with  their  physical 
causes,  in  the  course  of  whieii  he  revived  the  doctrine 
of  color  vision  whicli  that  otlier  great  physiohjgist  and 
pljysicist,  Thomas  Young,  had  advanced  half  a  century 
fore.     The  same  tendencv  was  further  cvideneed  bv 
ie  appeamncej  in  185;^,  of  Dr.  Hermann  Lots^e'S  fatuous 
MvifizlnUehe  Psijchohifjie^   oder   P/u/siofotjie  tier  Se^le, 
with  its  challenge  of  the  old  my tfi  of  a  "  vital  force/' 
But  the  most  definitive  expression  of  the  new  movement 
was  sigiuilizetl  in  1800,  when  Gustav  Fechner  published 
B  Ids  chussical  work  CiilJed  Pi^fjchophijalk,     Tliat  title  in- 
troduced a  wv\x  word  into  the  vueabulury  of  science. 
—^  Fetrhner  exphiinetl  it  by  sayin*^',  "  I  mean  by  psycho- 
f  physics  an  exact  theory  of  the  relation  between  spirit 
and  body,  and,  in  a  general  way,  between  the  pljysical 

I  and  the  psycliic  worlds/'  The  title  became  fatuous,  an<I 
the  brunt  of  taany  a  controversy.  So  also  did  another 
phrase  which  Fechner  iotrwluced  in  the  coui'se  of  his 
book^the  jthrase  *'  physiological  pBVeholojg-y/'  In  mak- 
ing that  happy  collocation  of  words  Fechnur  virtually 
christoned  a  new  stuence. 

iThe  chief  purfwat  of  this  classical  book  of  the  Ixcrman 
p*iycho*pliysiologjjst  was  the  elubomtion  and  explication 
of  ex|Jerimenls  bused  on  a  nK'tliod  introduced  more  tlian 
twenty  years  earlier  by  hi»  countryman  E.  IL  Weber^  but 
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which  hitbeFlo  bud  faileil  tu  aUi*act  tbe  altention  it 
fiorveci.    The  method  oonsisted  of  the  measure mcDt  an 
analysis  of  the  defitiite  rehitioii  existing  between  exte 
n:d  sUfuuU  of  varying  degrees  of  intensity  (various  sounds, 
for  exara pie)  and  the  men tal  sta tes  they  i n tl uc«.    Webtsr  t 
ox  peri  men  ts  grew  out  of  the  fuinitiar  oliservation  that  the 
nicety  of  our  discri  mi  nations  of  various  sounds,  iveights, 
or  visual   images  de[;ends  upon  the  magnitude  of  each 
particular  cause  of  a  sensation  io  its  relation  with  other 
similar  causes.    Thus,  for  example,  we  cannot  see  the 
stai-s  in  tiie  daytime,  though  they  shine  as  brightly  then 
as  at  niglit.    Agaiu^  we  seldom  notioe  th@  ticking  of  a 
clock  in  the  daytime,  though  it  may  become  almost  pain* 
fuUy  audible  in  the  silence  of  the  night.    Yet  again,  the 
difference  between  an  ounce  weight  and  a  two^ouoce 
weight  is  clearly  enough  appreciable  when  we  lift  the 
two,  but  one  cannot  discriminate  in  the  same  way  be- 
tween a  tive-|x>und  weight  and  a  weight  of  one  oun^ 
over  ilve  pounds. 

This  last  example,  and  similar  ones  for  the  other  sens^ 
gave  Weber  the  clew  to  his  novel  experiments.  Hetlec- 
tion  upon  ©very- day  experiences  made  it  clear  to  him 
that  whenever  we  consider  two  visual  sensations^  or  two 
auditory  sensations,  or  two  sensations  of  weight,  in  com- 
parison one  with  another,  tiiere  is  always  a  limit  to  the 
keenness  of  our  discrimination^  and  that  this  degree  of 
keenness  varies,  as  in  the  case  of  the  weights  just  cited, 
with  the  magnitude  of  the  exciting  cause. 

Weber  detenu inetl  to  see  whether  these  common  ex- 
periences could  be  brought  within  the  pale  of  a  general 
law.  His  method  consisted  of  making  long  series  of  ex- 
periments aimed  at  the  determination,  iu  each  case,  of 
what  came  to  be  spoken  of  as  ttie  least  olTservable  dif. 
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ference  betweea  the  stimuli.  Thus  if  one  holds  an  ounce 
weight  in  each  hand,  and  has  tiny  weights  added  to  one 
of  them,  grain  by  grain,  one  does  not  at  first  perceive  a 
difference  j  but  presently,  on  the  addition  of  a  certain 
grain,  he  does  become  aware  of  the  difference.  Noting 
now  how  many  grains  have  been  added  to  produce 
this  effect,  we  have  the  weight  which  represents  the 
least  appreciable  difference  when  the  standard  is  one 
ounce. 

Now  repeat  the  experiment,  but  let  the  weights  be 
each  of  five  |x»unds.  Clearly  in  this  case  w©  shall  be 
obliged  to  add  not  grains,  but  drachma,  before  a  differ- 
ence between  the  two  heavy  weights  is  perceived-  But 
whatever  the  exact  amount  added,  that  amount  repre- 
sents the  stimulus  producing  a  just  pereeivable  sensation 
of  difference  when  the  standanl  is  tive  pounds.  And  so 
on  for  indefinite  aeries  of  weights  of  varying  magnitudes. 
Now  came  Weber's  curious  discovery.  Not  only  did  he 
find  that  in  repeated  experiments  with  the  same  pair  of 
weights  the  measure  of  '*  just  perceivable  difference"  re- 
mained approximately  fixed,  but  he  found,  further,  that 
a  remarkable  fixed  relation  exists  between  the  stimuli  of 
different  magnitude.  If,  for  example,  he  had  found  it 
necessary,  in  the  case  of  the  ounce  weights,  to  add  one- 
fiftieth  of  an  ounce  to  the  one  Ijefore  a  difference  was 
detected^  lie  found  also,  in  the  case  of  the  five-pound 
weights,  that  one  fiftieth  of  ^ve  pounds  must  be  added 
before  producing  the  same  msult.  And  so  of  all  other 
weights;  the  amount  added  to  produce  the  stimulus  of 
"least  appreciable  difference*'  always  bore  the  same 
mathematical  relation  to  the  mngnitude  of  the  weight 
used,  he  tiiat  magnitude  grejit  or  small 

Weber  found  that  the  same  thing  holds  good  for  the 
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siimuli  of  the  sensiuions  of  sig^it  und  of  hearing,  the 
iHreiitial  stimulus  boarin«^  always  a  tlxctl  ratio  lu 
tuUi  iiiJignituile  of  the  stimuli.    Ht^re,  tbuu.  was  th( 
hf  hail  sought. 

Wtflicr's  results  were  detliiite  enough,  uod  ^LnCii 
er;ouglj,  yet  tliey  faiied  to  attmct  an y  cuitsidemhle  ine; 
ure  of  attention  until  they  were  revi'ved  and  exteodi 
by  Fechner^and  hrougbt  before  the  woHd  in  tho  famot 
work  oil  (>syclio-pliy^ics.  Then  they  preeijiitate^l  n  vej 
t^ible  nielt'6.  Fecliner  had  not  ah  me  verified  the  earlii 
reisults  (with  certain  Itmitations  not  essential  to  the  prei 
ent  consideration),  hut  luul  invented  ntMV  melhodj^  n 
making  similar  tests,  and  IkkI  reduced  the  whole  quel 
tion  to  matitematieal  treatmenl.  He  |)ronoitnce<l  Weher'i 
iltseovery  the  fundamental  law  of  psycho -physics,  h 
honor  of  the  discoverer,  he  chrislenetl  it  Weher's  Iji\rJ 
lie  clothed  the  law  in  words  and  in  inatheinalieal  for 
mula>,  and,  so  to  say,  launched  tt  full  tilt  at  the  heatli 
of  the  psycbologifid  workl.  It  niside  a  tir»c  comnnitittn, 
he  assured,  for  it  was  the  Ih-st  widely  heralded  buUetii 
of  the  new  psychology  in  its  march  upon  the  stron|^bokl« 
of  the  time-honored  metaphysics.  Tlieaecoinplitihmenli 
i)f  the  microscopists  and  the  nerve  pi ry si <>l ovists  had  htrei 
hut  preliminary— mere  border  skirmislies  of  nncertaii 
import  But  here  was  proof  that  the  iconoclastic  mov< 
ment  meant  to  invade  tlie  very  heart  of  tlie  sacred  ter 
ritory  of  mind— a  territory  from  which  tangible  objeo 
tlve  fact  had  been  supposed  to  be  forever  barred. 

Hardly  had  the  alarm  been  sonniftHl,  however,  befoi 
a  new  movement  was  made.    While  Fechner's  book  wa^ 
fr*esh  from  the  press,  steps  werty  being  taken  to  exten<lj 
the  methods  of  the  physicisit  in  yet  another  way  to  lh< 
intimate  processes  of  the  raind.   As  Helmholtz  had  show 

4rj 


PKOOItESS   IN    EXPERIMENTAL   PSYCHOLOGY 

the  mte  of  nervous  impulsion  along  tbe  nerve  tract  to 
he  measurable,  it  was  now  sought  to  measure  also  the 
time  required  fur  the  central  nervous  mechanism  to  per- 
form its  work  of  receiving  n  message  and  sending  out  a 


ULTftTAV   TURODOil  FfitHNKU 

response.  Tliis  was  coming  down  to  the  very  threshold 
of  miniL  The  Eittempt  was  first  made  by  Prufessor 
DontJera,  in  18<(1»  but  definitive  results  were  only  ob- 
tained after  many  years  of  experiment  on  the  part  of  a 
host  of  observers.  The  chief  of  these,  and  tbe  man  who 
has  stomt  in  the  fort? front  of  the  new  movement,  ami 
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has  been  its  rmo^nvmd  leader  lhnju«^bout  Ibe  rernaiiii 
of  the  century,  is  Dr.  Wilhelm  Wundt,  r>f  l^ipzig, 

Tho  task  vvas  not  easy,  but,  in  the  long  run,  it  was 
aecotnplisheii-     Not  alone  was  it  sho^rn  tbat  the  nerro 
t'i'ntre  requires  a  measiirablo  time  for  it^  operations,  hi 
iiiijcb  wfus  learned  m  to  conditiona  that    modify 
time.    Thus  it  was  found  that  different  persotts  varf  ti 
the  rate  of  their  central  nervous  activity— whicli 
plfiined  the  ^'jiersonal  efjuation"  tiiat  the  astronom* 
Uessel  had  noted  a  lialf-centiiry  before.     It  wag  found 
too,  that  tiie  rate  of  activity  raries  also  for  tbe  sam( 
person  under  different  conditions,  hecoining  retardal 
for  example,  under  influence  of  fatigue,  or  in  case  ol 
certain  diseases  of  the  brain.    All  det^iils  aside,  the  t^ 
sentfal  fact  emerges,  as  an  experimental  demonstratior 
that  the  intellectual  prf>cesses— sensation,  apperception, 
volition— are  linked  Irrevocably  with  tlie  activities  ol 
tile  central  nervous  tissues,  and  that  tlieao  activitiesjiki 
all  otber  physical  processes,  have  a  time  element.    Td 
that  old  school  of  psycliologrsts,  who  scarcely   cared] 
more  for  the  human  head  than  for  the  heels — being  in. 
t crested  only  in  the  mind— such  a  linking  of  mind  an*I 
body  as  was  thus  demonstrated  was  naturally  distiuiel-j 
ing.     But  whatever  the  inferences,  there  was  no  escaj 
Ing  the  facts. 

Of  coui'se  this  new  movement  has  not  been  conBni 
to  Germany.     Indeed,  it  had  long  had  exponents  elst 
where.    Thus  in   England,  a  full  century  earlier,  Dr^ 
Hartley  had  cbampionetl  the  theory  of  the  close  and  in* 
dissoluble   dej>endence   of   mind    upon   tlie   brain,  an< 
formulated  a  famous  vibration  theory  of  association  thai 
still  merits  careful  consideration.    Then,  too,  in  Fran* 
at  tlie  beginning  of  the  century,  there  wa.s  Dr.  Cabanii 
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witii  Lis  tangible,  if  cnidelj  phrased,  duetriiie  that  tbw 
brain  digests  impressions  and  secretes  thought  as  the 
stomacli  digests  food  and  the  li\*er  secmtes  bile.  More- 
over,  Herbert  Spencer's  Principles  of  P^ychdogtj^  with 
its  avowed  coordination  of  mind  and  body  and  its  vital- 
izing theory  of  evolution,  appeared  in  1855,  half  a  decade 
before  the  work  of  Fechner.  But  these  influences, 
though  of  vast  educational  value,  were  theoretical  rather 
than  demonstrativ^e,  and  I  he  fact  remains  that  the  experl- 
mental  work  which  Hrst  attempted  to  gauge  mental  oi)era^ 
tions  by  physical  principles  was  mainly  done  in  C4ermany, 
Wundt*s  Phymologimd  Pityehologfj^  with  its  full  pre- 
liminary descriptions  of  the  anatomy  of  the  nervous  sys- 
tarn,  gave  tangible  expression  to  the  growth  of  the  new 
movement  in  1874;  and  four  years  later,  with  the  open- 
ing of  his  laboratory  of  Physiological  Psychology  at  the 
University  of  Iveipxig,  the  new  |>sychology  may  be  said 
to  have  gained  a  permanent  foothokl,  and  to  have  forced 
itself  into  otticial  recognition.  From  then  on  its  con- 
t|uest  of  the  world  was  but  a  matter  of  Lime. 

It  should  be  notetl,  however,  that  there  is  one  other 
method  of  strictly  ex |>eri mental  examination  of  the  men- 
tal field,  latterly  much  in  vogue,  which  had  a  different 
origin.  This  is  the  scientific  investigation  of  the  phe- 
nomena of  hypnotism.  This  subject  was  rescued  from 
the  hands  of  charlatans,  rechristened,  and  subjected  to 
accurate  investigation  by  Dr.  James  Bniid,  of  Manches- 
ter, as  early  as  184L  But  his  results,  after  attracting 
momentary  attention,  fell  from  view,  and,  despite  desul- 
tory efforts,  the  subject  ivas  not  again  accorded  a  gen- 
eral hearing  from  the  scientific  world  until  1878,  when 
Dr.  Charcot  took  it  up  at  the  Salputri^re  in  Paris,  fol- 
lowe<l  soon  afterwards  by  Dr.  Rudolf  lleidenbain,  of 
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Breslan,  ami  a  hrist  «>f  ather  experimctitcrs.     The  rah 
of  ibe  iiietb«>d  in  tlie  study  of  rni^ntal  filatea  was 
apparetii.     Most  of  Braiirs  experiments  were  n* 
and  in  the  rnain  bis  re§iilts  were  conftrmeci.     His  expl? 
nation  of  li vpnotism,  f*r  artificial  sinnnamliulism,  as  a" 


JKil^N   MAHTIX   CIIAKCOT 


selfinchieed  state,  inde|>endent  of  any  occult  or  su] 
sensible  influence,  soon  gained  general  credence.     Hi 
belief  tliat  llie  initial  stages  are  due  to  fatigue  of  ner^ 
vous  centres,  umially  from  excessive  stimulation,  has  not 
l)eon  supplanted,  though  auppleniented  bv  notions  growj 
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ing  out  of  the  new  knowleiige  as  to  subconscious  men- 
H  taiity  iti  general,  and  the  inhibitory  influence  of  one 
H  centre  o^er  another  m  the  central  nervous  mechanism. 


rr 


These  studies  of  the  psychologists  and  pathoioofists 
bring  the  relations  of  mind  and  bfidy  into  sharp  relief. 
Iku  even  more  definite  in  this  regard  was  the  work  of 
the  brain  physiologists.  Chief  of  these,  during  tlie  mid* 
<lle  period  of  the  century,  was  the  man  who  is  sorae^ 
times  spoken  of  as  the  "  father  of  brain  physiology,'* 
Marie  Jean  Pierre  Fiourens,  of  the  Jarilin  des  Plantes 
of  Paris,  the  pupil  and  worthy  successor  of  Magendie. 
His  experiments  in  nerve  physiology  were  begun  in  the 
first  quarter  of  the  century,  but  his  loctil  exfieriraents 
upon  the  bntin  itself  were  not  culminated  until  about 
1842.  At  this  time  the  old  dispute  over  phrenology  had 
broken  out  afresh,  ami  the  studies  of  Fiourens  were 
aimed,  in  part  at  least,  at  the  strictly  scientilic  investi- 
gation of  this  troublesome  topic. 

In  the  course  of  these  studies  Fiourens  discovered  that 
in  the  medulla  oUongata,  the  part  of  the  brain  which 
connects  that  organ  with  trie  spinal  cord,  there  is  a  cen- 
tre of  minute  size  which  cannot  be  injured  In  the  least 
without  causing  the  instjint  death  of  the  animal  opvr 
ateil  u|Kjn.  It  mtiy  h*  added  that  it  is  this  spot  which 
is  reached  by  tl»e  needle  of  the  garroter  in  Spanish  exe- 
cutions, and  that  the  same  centre  also  is  destroyed  when 
a  criminal  is  ''successfully"  hanged,  this  time  by  the 
forced  intrusion  of  a  process  of  the  second  cervical  ver- 
tifbra.  Fiourens  named  this  spot  the  '*  vital  knot."  Its 
extreme  importance,  as  is  nnw  understtKxf,  is  due  to  the 
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fact  that  it  is  the  centre  of  nerves  that  supply  the 
heiirt;  but  this  simple  explanation,  annunirTg  the  con* 
ception  of  a  specific  "  life  centre,''  was  not  at  ono©  ap- 
parent. 

Other  exfjeriments  of  Flourens  seemed  to  show  that 
the  cerebellum  is  the  seat  of  the  centres  that  coordinate 
muscular  activities,  and  that  the  higher  intellectual  fac- 
ulties are  rele^tetl  to  the  cerebrum.  Dut  beyond  this, 
as  regards  localization^  ex|iertnient  faltere<l.  Negative 
Faults,  as  reganls  specific  faculties,  were  obtaineil  from 
all  localized  irritations  of  the  cerebrum^  and  Flourens 
was  forced  to  conclude  that  the  cerebral  lobe»  while 
lieing  umloubtedly  tlie  seat  of  higher  intellection,  per* 
forms  its  functions  with  its  entire  structure.  This  con- 
clusion, wlilch  incidentally  gave  a  quietus  to  phrenology, 
was  accepted  generally,  and  became  the  st<>ck  doctrine 
of  cerebral  physiology  for  a  generation. 

It  will  be  seen,  however,  that  these  studies  of  Flourens 
had  a  tlouble  bearing.  They  denied  localisation  of 
cerebral  functions,  but  they  demonstratetl  tlie  local iz:i- 
tion  of  certain  nervous  processes  in  other  portions  of  the 
brain.  On  the  whole^  tlien,  they  spoke  |)osi lively  for 
the  principle  of  localization  of  function  in  the  brain,  for 
which  a  certain  number  of  students  contended;  while 
their  evidence  against  cerebral  localization  was  only 
negative.  There  was  here  and  there  an  observer  who 
felt  that  this  negsitive  testimony  w^as  not  conclusive.  In 
particular^  the  German  anatomist  Meynert,  who  had 
studieil  the  disposition  of  nerve  tracts  in  the  ceivbruin, 
was  led  to  believe  that  the  anterior  jiortions  of  tlie  cere* 
brum  must  have  motor  functions  in  preponderance;  the 
iwsterior  |>ortions,  sensory  functions.  8oiricwlmt  simi- 
lar conclusions   were   reached  also  by   Dr.   nughlings- 
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Jackson,  iri  England,  fmra  bis  studies  of  epilepsy.  But 
no  positive  evidence  was  fortli  coming  until  isfli^  wben 
Dr.  Paul  Broeu  brougbl  Ijefore  tlie  Academy  of  Medi* 
cine  in  Paris  a  case  of  brain  lesion  which  be  regarded  as 
having  most  itoportant  bearings  on  the  question  of  cere^ 
bral  localization. 

The  ciise  was  that  of  a  patient  at  the  Biciitre,  who  for 
tiventy  years  had  Ijeen  deprived  of  the  power  of  sjX3ech, 
seemingly  through  loss  of  memory  of  won  Is.  In  ISOl 
this  patient  died,  and  an  autopsy  revealed  tliut  a  certain 
convolution  of  the  left  frontal  lobe  of  his  cei^brum  had 
l)eeii  totally  destroyed  by  disease,  the  remainder  of  his 
brain  being  intact.  Broca  felt  that  this  observation 
pointecJ  strongly  to  a  localization  of  tlie  memory  of 
words  in  a  definite  area  of  the  brain.  Moreover,  it 
transpiiwl  that  the  cnsse  was  not  without  precedent.  As 
long  ago  as  lS:ir>  Dr  Boiliard  bad  been  led,  through 
pathological  studies,  to  locate  definitely  a  centre  for  the 
artieulatioti  of  words  in  the  frontal  hi  be.  and  here  and 
there  other  observers  had  made  tentatives  in  the  same 
direction.  BoilUtrd  had  even  foE lowed  the  matter  up 
with  pertinacity,  but  the  world  was  not  ready  to  listen 
to  him.  Now,  however,  in  the  half -decade  tliat  foK 
lowed  Broca's  announcements,  interest  rose  to  fever- 
heat,  and  through  tfie  efforts  of  Broca,  Boiliard,  and 
numerous  otliers  it  was  prtjved  that  a  veritable  centre 
having  a  strange  domination  over  the  menn>ry  of  articu- 
late wonia  has  its  seat  in  the  thinl  convolution  of  the 
frnntal  lobe  of  the  cerebrum,  usually  in  the  left  hemi- 
sphere. That  part  of  the  brain  has  since  been  known  Ut 
the  EngliHh-8p<?aking  world  as  the  convolution  of  Broca, 
a  name  which,  strangely  enough,  the  discoverer's  com- 
patriots have  been  slow  to  accept. 
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This  discovery  very  naturally  reopened  ihe  entire 
subject  of  bniin  localizativjri.  It  was  but  a  i$bort  step  ioj 
the  inference  tbal  lliere  must  be  otber  deBnite  cent 
worth  the  seeking,  and  various  obserirers  set  Lil>tjut 
aearching  for  them.  In  18^7  a  clew  wjis gained  by  Eck- 
hartl,  who,  ropeating  a  forgotten  ex|  mL  of  llaller 

fuul  Zinn  of  thu  previous  century,  r<  i  [xirtiontf  of 

the  br^iin  oorteK  of  animals,  with  the  result  of  producing 
coTiVLikions.     But  the  really  vital  ilepartitre  was  mad 
in  18?*  by  tlicj  (German  investigators  Fritsch  and  Uitzig, 
who,  by  stimulating  delinite  areas  of  the  cortex  of  ani- 
mals with  a  galvanic  current,  prwliicetl  eonlraetion 
delinite  sets  of  muscles  of  the  opjwsite  side  of  l-iie  body 
These mt>st  important  oxpwriments,  receive^i  at  first  ivit 
incredulity,  were  repeated  and  extended  io  1ST3  by  Dr 
David  Ferrier,  of  London,  find  soon  afterwards  by 
small  army  of  independent  workers  everywhere,  prom 
inent  among  whom  were  Fi*anek  and  Pitres  in  France, 
Munck  and  Gnlt?,  in  Germany,  and  Ilorsley  and  Scbafei 
in    England.    The  dc^tailed   resuU?5,  nntu rally  enough, 
were  not  at  first  all  in  harmony.    Some  observers, 
Goltz,  even  denied  the  validity  of  the  conclusions  » it  iot^, 
But  a  consensus  of  opinion,  based  on  muUitndes  itf  ex- 
periments, soon  placcil  the  broad  geneml  facts  for  which 
Fritsch  and  Ilitzig  contended  lieyond  controversy.     U 
was  found,  indeerb  that  the  cerebral  centres  of  motor^| 
activities  have  not  rpiite  the  finality  at  first  ascriUnl  to" 
them  by  some  observei»s,  since  it  may  often  happen  that 
after  the  destruction  of  a  centre,  with  attending  loss  of 
function,  ttiere  may  be  a  gradual  restonition  of  the  losi 
function,  proving  that  other  centres  have  acquired  tb 
capacity  to  take  the  place  of  the  one  destroyed.     There 
are  limits  to  this  capacity  for  substitution*  however,  and 
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with  tbis  qualitication  the  definitetiess  of  the  localization 
of  motor  functions  in  the  cerebml  cortex  has  become  an 
accepted  part  of  brain  pbysiolugy. 
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Nor  is  such  localization  confined  to  motor  centres. 
Later  experiments,  partiruhtrly  *>f  Ferrier  and  of  Munck^ 
proved  that  the  centres  of  Fision  are  equally  restricted 
in  their  location,  thiB  time  in  the  jmsterior  lobes  of  the 
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brain,  and  that  hearing  has  likewise  its  local  habitation. 
Indeed,  there  is  every  re^snn  to  believe  that  each  form 
of  primary  seosatioa  is  basetl  on  nnpressioris  which  main- 
ly come  to  a  definitely  localized  goal  in  the  brain.  But 
all  this>  be  it  understood^  has  no  reference  to  the  higher 
foruia  of  intellection.  All  experiment  has  prove<l  futile 
to  localize  these  functions,  except  indeeil  to  the  extant 
of  corroborating  the  farailiar  fact  of  their  de|iendence 
upon  the  brain,  and,  some w bat  problematically t  upon 
the  anterior  lobes  of  the  cerebrum  in  Darticular.  But 
this  is  precisely  \rhat  should  be  expected,  for  the  clearer 
insight  into  the  nature  of  ment^il  processes  makes  it  plain 
that  in  the  main  these  alleged  '*  faculties '' are  not  in 
themselves  loc{tlize<L  Thus,  for  example,  the  '^  faculty** 
of  language  is  associated  irrevocably  with  centres  of 
vision,  of  hearing,  ami  of  muscular  activity,  to  go  no 
further*  and  only  becomes  possible  through  the  associa- 
tion of  these  widely  se|)iirated  centres.  The  destruction 
of  Broca's  centre,  as  was  early  discovered,  does  not  alto, 
get  her  deprive  a  patient  of  his  knowledge  of  language. 
He  may  be  totally  unable  to  speak  (though  as  to  this 
there  are  all  degrees  of  varkition),  and  yet  may  compre- 
hend what  is  said  to  him.  and  he  able  to  read,  think,  and 
even  write  correctly.  Thus  it  appears  that  Broca's  cen- 
tre is  peculiarly  liownd  up  with  the  caimcity  for  articu- 
late s|)eech,  but  is  far  enough  from  being  the  seat  of  the 
faculty  of  language  in  itH  entirety. 

In  a  similar  way,  most  of  the  supposed  isolated  **  fac- 
ulties'-of  hight^r  intellection  apfx-sir,  ufx^m  clearer  anal 
ysis  as  complex  aggregations  of  primurv  seuj^itions,  anil 
hence  necessarily  dependent  upon  numerous  and  scattered 
centres.  Some  **  faculties,"  as  memory  and  volition,  may 
be  said  in  a  sense  to  be  (mmordial  endowments  of  every 
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nerve  cell — even  of  every  body  cell.  Indeed,  an  ultimate 
analysis  relegates  all  intellection,  in  its  primordial  adum- 
brations, to  every  particle  of  living  matter.  Dut  such 
refinements  of  analysis,  after  all,  cannot  hide  the  fact 
that  certain  forms  of  higher  intellection  involve  a  pretty 
definite  collocation  and  elaboration  of  special  sensations. 
buch  specialization,  indeed,  seems  a  necessary  accompani* 
raent  of  mental  evolution.  That  every  such  specialized 
function  has  its  localized  centres  of  co-ortli nation,  of  some 
such  signifiatnce  as  the  demonstrated  centres  of  articu- 
late speech,  can  hardly  be  in  doubt^though  this,  be  it 
understood,  is  an  induction,  not  as  yet  a  demonstration. 
In  other  words,  there  is  every  reason  to  believe  that  nu- 
merous '*  centres,'^  in  this  restricted  sense,  exist  in  the 
brain  that  have  as  yet  eluded  the  investigator.  Indeed, 
the  current  conception  regards  the  entire  cembral  cortex 
as  chiefly  compcmeti  of  centres  of  ultimate  co-ordination 
of  impressions,  which  in  their  cruder  form  are  received 
by  more  primitive  nervous  tissues — the  basal  ganglia, 
the  cerebellum,  and  medulla,  and  the  spinal  cord.  This 
of  course  is  equivalent  to  postulating  the  cerebral  cortex 
lis  the  exclusive  seat  of  higher  intellection.  This  prop- 
osition, however,  to  which  a  safe  induction  seems  to  lead, 
is  far  afield  from  the  substantiation  of  the  old  conception 
of  brain  local i/^itinn,  which  was  based  on  faulty  psy- 
chology, and  equal ly  faulty  inductions  from  few  premises. 
The  details  of  (inW^  system,  as  propounded  by  genera- 
tions of  his  mostly  unwcirthy  folio wei*3,  lie  (piite  liin'ond 
the  pale  of  scientific  discussion.  Yet, as  I  have  said, a  germ 
of  truth  was  there — the  idea  of  specialisation  of  cerebral 
functions — and  modern  investigators  have  rescued  that 
itral  conception  from  the  phrenological  rubbish  heap 
in  which  its  discoverer  unfortunately  left  it  buried. 
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The  common  ground  of  all  these  various  lines  of  in- 
vestlgations  of  pathologist,  aoatomist,  physiologist,  phys- 
icist, and  psychologist  is,  clearly,  the  central  nervous 
system— the  spinal  cord  and  the  brain.  The  importance 
of  these  structures  as  the  foci  of  nervous  and  mental  ao- 
tivities  has  been  recognized  more  and  more  with  each 
new  accretion  of  knowledge,  and  the  efforts  to  fathom 
the  secrets  of  their  intimate  structure  has  been  unceas- 
ing. For  the  earlier  students,  only  the  crude  methods 
of  gross  dissections  and  microscopical  inspection  were 
available.  These  could  reveal  soraethiiig,  but  of  course 
the  inner  secrets  were  for  the  keener  insight  of  the  mi- 
crosGopist  alone.  And  even  for  him  the  task  of  investi- 
gation was  far  from  facile,  for  the  central  nervous  tissues 
are  the  most  delicate  and  fragile,  and  on  many  aocounts 
the  most  ditficult  of  manipulation  of  any  in  the  body. 

Special  methods,  therefore,  were  needed  for  this  essay, 
and  hrain  histology  has  progressed  by  litful  iuipulsaa* 
each  forward  jet  marking  the  introduction  of  some  in- 
genious improvement  of  mechanical  technique,  which 
placed  a  new  weapon  in  the  hands  of  the  investigators. 

The  very  beginning  was  made  in  1S24  by  Rolando^ 
who  first  thought  of  cutting  chemically  hardened  pieces 
of  brain  tissues  into  thin  sections  for  microscopical  ex- 
amination—the basal  structure  upon  which  almost  all 
the  later  advances  have  been  conducted.  Milller  pres- 
ently discovered  that  bichromate  of  potjissium  in  sohi- 
tion  makes  the  best  of  fluids  for  the  preliminary  preser- 
vation and  hardening  of  the  tissues.  Stilling,  in  lB4iJ, 
perfected  the  method  by  introducing  the  custom  of  cut- 
ting a  series  of  consecutive  sections  of  the  same  tissue. 
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in  order  to  trace  nerve  tracts  and  establish  spacial  rela- 
tions.  Then  from  time  to  time  mecliantcaJ  ingenuity 
addocl  fresh  details  of  improvement.  It  was  found  that 
pieces  of  hardened  tissue  of  extreme  delicacy  can  be 
made  better  subject  to  manipulation  by  being  impreg- 
nated ivith  collodion  or  celloidine,  and  ernbeddeil  in  par- 
affine.  Latterly  it  has  become  usual  to  cut  sections  also 
from  fresh  tissues,  unchanged  by  ciiemioals,  by  freezing 
them  suddenly  with  vaporized  ether,  or^  better,  carbonic 
acid.  By  these  methods,  and  with  the  aid  of  perfected 
microtomes,  the  w^orker  of  recent  periods  avails  himself 
of  sections  of  brain  tissues  of  a  tenuousness  which  the 
early  investigators  could  not  approach. 

But  more  important  even  than  the  cutting  of  thin  sec- 
tions is  the  process  of  making  the  different  parts  of  the 
section  visible,  one  tissue  differentiated  from  another. 
The  thin  section,  as  the  early  workei's  examined  it,  was 
practicidly  colorless,  and  even  the  crudest  details  of  its 
structure  were  made  out  with  extreme  difficulty,  Reraak 
diti,  indeetl,  manage  to  discover  that  the  brain  tissue  is 
ceUiilnr,  as  early  as  18-i3»  and  Ehrenberg  in  the  same 
year  saw  that  it  is  also  fibrillar,  but  beyond  this  no  great 
advance  was  made  until  1858,  when  a  sudden  impulse 
was  reocHved  from  a  new  process  introducetl  by  Gerlach. 
The  process  itself  was  most  simple,  consisting  essentially 
of  nothing  more  than  the  treatment  of  a  microscopical 
section  with  a  solution  of  carmine.  But  the  result  was 
wonderful,  for  when  such  a  section  wa^  placed  under 
the  lens,  it  no  longer  appeared  homogeneous.  Sprinkled 
through  its  substance  were  seen  irregular  bodies  that  had 
taken  on  a  beautiful  color,  while  the  matrix  in  which  they 
were  embedded  reimiined  unstained.  In  a  word,  the  cen- 
tral nerve  cell  had  sprung  suddenly  into  dear  view. 
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A  most  interesting  botly  it  proved,  this  nerve  cell,  or 
ganglion  cell,  as  it  came  to  be  called.  It  was  seen  to  be 
exceedingly  minute  in  siiie,  reijuiring  bigli  powers  of  the 
microscope  to  make  it  visible.  It  exists  in  almost  infi- 
nite numbers,  not,  however,  scattered  at  random  through 
the  brain  and  spinal  coi-d.  On  the  contrary,  it  is  confined 
to  tliose  portions  of  the  central  nervous  masses  which  to 
the  naked  eye  appea^r  gray  in  color,  being  altogether 
wanting  in  the  white  substance  which  makes  up  the  chief 
mass  of  the  brain.  Even  in  the  gray  matter,  though 
sometimes  thickly  distributed,  the  ganglion  cells  are 
never  in  actual  contact  one  with  anotlier;  they  always 
lie  embedded  in  fntercellular  tissues,  which  came  to  be 
known,  following  Virchow,  as  iha  neurogUa. 

Each  ganghon  cell  was  seen  to  be  irregular  in  con- 
tour»  and  to  have  jutting  out  from  it  two  sets  of  mi- 
nute libpes»  one  set  relatively  short,  indefinitely  numer- 
ous, anil  branching  in  e'very  direction;  the  other  set 
limited  in  number,  sometimes  even  single,  and  stiirting 
out  directlj  from  the  cell  as  if  Iwnt  on  a  longer  journey* 
The  numerous  filaments  came  to  be  known  as  proto- 
plasmic processes;  the  other  fibre  was  named,  after  its 
discoverer,  the  axis  cylinder  of  Deiters.  It  was  a  natural 
inference,  thoitgh  not  clearly  demonst ruble  in  the  see* 
tionSj  that  these  filamentous  processes  are  the  connect- 
ing links  between  the  differont  nerve  cells,  and  also  the 
channels  of  communication  lie t ween  nerve  cells  and  the 
I>eriphery  of  the  body.  The  white  substance  of  brain 
and  cord,  ap|*arent.ly,  is  made  up  of  such  connecting 
fibres,  thus  bringing  the  different  ganglion  cells  every- 
where into  communication  one  with  another, 

In  the  attempt  to  trace  the  connecting  nerve  tracts 
ibrough  this  white  substance  by  either  macroscopieal  or 
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microscopical  methods^  most  important  aid  is  given  by 
a  raethoti  originated  by  Walkr  in  1852.  Earlier  than 
that,  in  1839,  Nassu  bad  discovered  tbat  a  severed  nerve 
cord  degenerates  in  its  peripheral  portions.  Waller  dis- 
covei-ed  that  every  nerve  libret  sensory  or  motor,  has  a 
nerve  oell  to  or  from  which  it  leads,  which  domi nates 
its  nutrition^  so  ttiat  it  can  only  retain  its  vitality  while 
its  connection  with  that  cell  is  intact.  Such  cells  he 
nameil  trophic  centt^es.  Certain  cells  of  the  anterior 
part  of  the  spinal  cord,  for  example,  are  the  trophic 
centres  of  the  spinal  motor  nerves.  Other  trophic  cen- 
tres, guverning  nerve  tracts  in  the  spinal  cord  itself,  are 
in  the  various  regions  of  the  brain.  It  occurreil  to 
Waller  tbat  by  destroying  such  centres,  or  by  severing 
the  connection  at  various  regions  between  a  nervous 
tract  and  its  trophic  centre,  sharply  defined  tracts  could 
be  made  to  degenerate^  and  their  location  could  subse- 
quently be  accurately  defined,  as  the  degenerated  tis- 
sues take  on  a  changed  asf>ect,  both  to  macrogcopical 
and  microscopical  observation.  Recognition  of  this 
principle  thus  gave  the  experimenter  a  new  weapon  of 
great  efticiency  in  tracing  nervous  connections.  More- 
over, the  same  principle  has  wide  application  in  case  of 
the  human  subject  in  disease,  such  as  tiie  lesion  of  nerve 
tracts  or  the  destruction  of  centres  by  localized  tumors, 
by  embolisms,  or  by  traumatisms. 

All  these  various  methods  of  anatomical  examination 
combine  to  make  the  conclusion  almost  unavoidable 
that  the  central  ganglion  cells  arc  the  veritable  **  cen- 
tres'* of  nervous  activity  to  which  so  many  other  lines 
of  research  have  pointed.  The  conclusion  was  strength- 
ened by  experiments  of  the  students  of  motor  localiza- 
tion, which  showed  that  the  veritable  centres  of  their 
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discovery  lie,  demuostrably,  in  the  gmy  cortex  of 
brain,  not  in  the  white  mutter  But  lb©  foil  proof 
from  pathology.  At  the  hands  of  a  multitude  of  o 
sorverg  it  was  shown  that  in  oertaii)  well-known  di 
of  the  spinal  cord,  with  resulting  paralysis,  it  is  the 
ganglion  cells  themselves  that  are  found  to  be  destroyed 
SimiiarlVi  in  the  case  of  snfferers  from  chroaio  insan 
ties,  with  marked  dementia,  the  ganglion  uells  of  th 
oort€x  of  the  bruin  am  found  to  have  undergone  degen- 
eration* The  brains  of  paretics  tu  particular  show  socb 
degeneration,  in  striking  correspondence  with  their  meH' 
tal  decadence.  The  position  of  the  ganglion  cell  as  tli« 
ultimate  centre  of  nervous  activities  was  thus  placed 
yond  dispute. 

Meantime*  genftrai  aoceptanoe  being  given  the  his' 
logical  scheme  of  Gerlach^  according  to  which  the  m 
of  the  white  substance  of  the  brain  is  a  mesh-w^ork  oi 
intercellular  fibrils,  a  proximal  idea  seemed  attiiinable  oi 
the  way  in   which  the  ganglionic  activities  are  co 
lated,  and,  through  association,  built   up,  so   to  speak, 
into  the  higher  mental  processes.    iBuch  a  conceptioo  ai 
corded  beautifully  with  the  ideas  of  the  association ists^' 
who  ha*l  now  l>ecome  dominant  in  psychology.     But 
one  standing  puzzle  attended  this  otherwise  satisfactory 
correlation  of  anatomical  observations  and  psychic  anal- 
yses.    It  was  this :  Since,  according  to  the  hUtologist, 
the  intercellular  Hbres,  along  which  impulses  are  oon 
veyed,  connect  each   brain  cell,  directly  or  indiroctlyj 
with  every  other  brain  cell  in  an  endless  mesh-work, 
how  is  it  possible  that  various  sets  of  cells  may  at  times 
be  shut  off  from  one  another?    Such  isolation  must 
take  place,  for  all  normal  ideation  defiends  for  its  in  teg. 
rity  quite  as  much  upon  the  shutting  out  of  tha  gnnit 
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masB  of  associations  as  upon  the  inclusion  of  certain 
other  associations.  For  example,  a  student  in  solving  a 
mathematical  problerai  must  for  the  raoraent  become 
quite  oblivious  to  the  special  associations  that  ha?e  to 
do  with  geography,  natural  history,  and  the  like.  But 
does  histology  give  any  clew  to  the  way  in  which  such 
isolation  may  be  effected? 

Attempts  were  made  to  tind  an  answer  through  con- 
siderution  of  the  very  (leculiar  character  of  the  blootl- 
supply  in  the  bniin.  Here,  as  nowhere  else,  the  ter- 
minal  twigs  of  the  arteries  are  arranged  in  closed  sys* 
terns,  not  anastomosing  freely  with  neighboring  systems. 
Clearly,  then,  a  restricted  area  of  the  brain  may,  through 
the  controlling  influence  of  the  vaso-raotor  nerves,  be 
flushed  with  arterial  blood,  while  neighboring  parts  re- 
main relatively  anaemic.  And  sinca  vital  activities  un- 
questionably depend  in  part  upon  the  supply  of  arterial 
blfjotl,  this  peculiar  an-angement  of  the  vascular  mech- 
anism may  very  properly  be  supposed  to  aid  in  the 
localized  activities  of  the  central  nervous  ganglia.  But 
this  explanation  left  much  to  be  desired— in  particular 
when  it  is  recalletl  that  all  higher  intellection  must  in 
all  probability  involve  multitudes  of  widely  scattered 
centres* 

No  better  explanation  was  forth -coming,  however, 
until  the  year  1880,  when  of  a  sudden  the  mystery  was 
cleai-ed  away  by  a  fresh  discovery,  Not  long  before 
this  the  Italian  histologist.  Dr.  Camille  Golgi,  bad  dis- 
covered a  method  of  impregnating  hardened  brain  tis- 
sues with  a  solution  of  nitrate  of  silver,  with  the  result 
of  staining  the  nerve  cells  and  their  processes  almost  in- 
finitely l>etter  than  ^vas  pssible  by  the  method  of  Ger- 
lach,  or  by  any  of  the  multiform  methods  that  other 
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workers  bad  introduced.  No\ir  for  the  first  time  it  be 
Ciinie  possible  to  trnce  the  cellular  prolongations  detiiiite- 
ly  to  tlieir  termini,  for  the  Hner  tihrils  had  not  been 
rendered  visible  by  any  previous  method  of  treatment. 
(iolgi  liimself  proved  that  the  set  of  fibrils  known  as 
pmLoplasmic  proh>ngatioiiis  terminate  by  free  extremis 
ties,  and  have  no  direct  cannectiyn  with  any  oell  save 
the  one  from  which  tliey  spring.  He  showeti  also  that' 
the  axis  cylinders  give  off  multitudes  of  lateral  br*anches 
not  hitherto  suspected.  But  here  he  pausetl,  missing 
the  real  import  of  the  discovery  of  which  be  was  bard 
on  the  track.  It  remained  for  the  Spanish  histologiat» 
Dr,  8.  Hamon  y  Cajril,  to  follow  up  the  investigation  by 
means  of  an  improved  application  of  Golgi's  method  of 
staining,  and  to  demonstrate  that  the  axis  cylinders,  to- 
getlier  with  all  their  collateral  branches,  though  some- 
times extetjding  to  a  great  distance,  yet  linally  termi* 
nate,  like  the  other  cell  prolongations,  in  arborescent 
fibrils  having  free  extremities.  In  a  word,  it  was  shown 
that  each  central  nerve  cell,  with  its  libriilar  olfshooU, 
is  an  isolated  entity.  Instead  of  being  in  pbysical  cori- 
nection  %vith  a  multitude  of  other  nerve  cells,  it  has  no 
direct  physical  connection  with  any  other  nerve  cell 
ivbatever. 

When  Dn  Cajal  announced  his  discovery,  in  1S89,  hiftj 
revolutionary  claims  not  uniiatui-ally  amazed  the  mass 
of  bistologists.  There  were  some  few  of  tliom,  however, 
who  were  not  quite  unprepared  for  the  revelation;  in 
particular  His,  who  liad  hulf  suspecte*!  the  in«leiK'ndence 
of  the  cells,  because  they  seem  in  I  to  develop  from  dis.^o- 
ciated  centres;  and  Foreb  who  based  a  similar  suspioion 
on  the  fact  that  he  bad  never  been  able  actually  loi 
trace  a  fibre  from  one  cell  to  another.    These  observers^ 

4^ 


I'HOGHKSS   IN    EXrKKIMENTAL   P.SVCHOLOtiV 


then  carae  readily  to  repeat  Cajal-s  experiments.  So 
also  did  the  veteran  histulogisL  Kulliker,  and  soon  after- 
wards all  the  leadei-s  everywhere.  The  result  was  a 
practically  unanimous  confirraatiou  of  the  Spanish  his- 
tologist^s  claims,  and  within  a  few  months  after  his  an- 
nouncements the  old  theory  of  union  of  nerve  cells  into 
an  endless  mesh- work  was  completely  discarded,  and 
the  theory  of  isolated  nerve  elements— the  theory  of 
neuronSf  as  it  came  to  be  calleil — was  fully  established 
in  its  place. 

As  to  how  these  isolated  nerve  cells  functionate,  Dr. 
Cajal  gave  the  clew  from  the  very  firet,  and  his  ex])la- 
nation  has  met  with  universal  approval 

In  the  modified  view,  the  nerve  cell  retains  its  old 
position  as  the  storehouse  of  nervous  energy.  Each  of 
the  ii laments  jutting  out  from  the  cell  is  held,  as  l>efore^ 
to  be  indeed  a  transmitter  of  impulses,  but  a  transmit- 
ter that  operates  intermittently,  like  a  telephone  wire 
tliat  is  not  always  •*  connected,"  and,  like  that  wire,  the 
nerve  fibril  operates  by  contact  and  not  by  continuity. 
TTndcf  projier  stimulation  the  ends  of  the  fibrils  reach 
out,  come  in  contact  with  other  end  fibrili?  of  other  cells, 
and  conduct  tl)eir  destined  impulse.  Again  they  re^ 
tract,  and  commnnication  ceases  for  the  time  between 
those  particular  cells.  Meantime,  by  a  different  ar- 
ningement  of  the  various  conductors,  different  sets  of 
cells  are  placed  in  communication,  different  associations 
of  nervous  impulses  induced,  different  trains  of  thought 
engendered^  Each  fibril  when  retracted  becomes  a  non- 
conductor, but  when  extende<l  and  in  contact  with  an- 
other fibril,  or  with  the  IwMly  of  another  cell,  it  conducts 
its  message  as  readil)'  as  a  continuous  fUament  couhl  do 

precisely  a»  iu  the  case  of  an  electric  wire, 
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This  conception,  founded  on  a  most  tangible  anatom- 
ical basis,  enables  us  to  answer  the  question  as  to  how| 
ideas  are  isolated,  and   alscs  as   Dr  Cajnl   points    out, 
til  rows  new  ligbt  on  nianj  ottier  mental  processes,   Onaj 
can  imagine,  for  example^  by  keeping  in  mind  the  f!exi- 
ble  nerve  prolongations^  bow  new  trains  of  thought  raav 
be  eugendered  through  novel  associations  of  cells ;  how 
facility  of  thought  or  of  action  in  certain  directions  isj 
ac<^iuired  through  the  habitual  making  of  certain  nerve] 
ceil  connections;  how  certain  bits  of  knowledge  may 
esca{)e  our  memory,  and  refuse  to  he  found  for  a  time, 
because  of  a  temporary  incapacity  of  the  nerve  cells  U 
make  the  proi>er  connections;  and  so  on  indefinitelj*. 
If  one  likens  each  nerve  cell  to  a  central  telephone- 
office,  each  of  its  filamentous  prolongations  to  a  tele- 
phone wire,  he  can  imagine  a  striking  analogy  between^ 
the  modus  operandi  of  nervous  processes  and  of  the  tel- 
ephone system.     The  utility  of  new  connections  at  the' 
central  office,  the  nselessness  of  the  mechanism  when 
the  connections  cannot  be  made,  the  'Mvires  in  nse** 
that  retard  your  message,  perhaps  even  the  crossing  of  | 
wires,  bringing  you  a  jangle  of  sounds  far  diflferent  fronii 
what  you  desire — all  these  and  a  multiplicity  of  other 
things  that  will  suggest  themselves  to  every  user  of  the] 
telephone  may  be  imagined  as  being  almost  hKlicrously 
paralleled  in  the  operations  of  the  nervous  mechanism. 
And  that  parallel,  startling  as  it  may  seem,  is  not  a  mere] 
futile  imagining.     It  is  sustainetl  and  rendered  plausible 
by  a  sound  substratum  of  knowledge  of  the  anatomical 
conditions  under  which  the  central  nervous  mechanism 
exists,  and  in  default  of  vvhich.as  patholog3^demon3tralea| 
with  no  less  certitude,  its  fiinctionings  are  fiiHle  to  pro-| 
duce  the  normal  manifestations  of  higher  intellection, 
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SOME  UNSOLVED  SCIENTIFIC  PROBLEMS 


In  the  preceding  chaptet^s  I  bare  endeavored  to  out- 
line tfae  story  of  the  achievements  of  our  century  in 
the  various  fields  of  pure  science.  In  so  broad  an  at- 
tempt, within  such  spacial  limits,  it  has  of  course  been 
impossible  to  dwell  upon  details,  or  even  to  hint  at 
every  minor  discovery.  At  best  one  could  but  Bum- 
marize  the  broad  sweep  of  progress  soraewl)at  as  a  bat- 
tie  might  be  described  by  a  distant  eye-witness^  telling 
of  the  general  direction  of  action,  of  the  movements 
of  large  masses,  the  names  of  leaders  of  brigades  and 
divisions,  but  necessarily  ignoring  the  lesser  fluctuations 
of  advance  or  recession  and  the  individual  gallantry  of 
the  rank  and  file.  Tn  particular,  interest  has  centred 
ii}>on  the  storming  of  the  various  special  strongholds  of 
ignorant  or  prejudiced  opposition,  which  at  last  have 
been  triumphantly  occupied  by  the  band  of  progress. 
In  each  case  where  such  a  stronghold  has  fallen,  the 
victory  has  been  achieved  solely  through  the  destructive 
agency  of  newly  discovered  or  newly  marshalled  facts 
—the  only  weapons  which  the  warrior  of  science  seeks 
or  ciir^s  for.  Facts  must  be  marshalled,  of  course, 
about  the  guidon  of  a  hypotheRis,  but  that  guidon  can 
only  lead  on  to  victory  if  the  facts  themselves  support 
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JL  Onoe  planted  vietorioQgJy  on  the  ix>Dquered  mm- 
fMirtft,  Ibe  hypolbeits  becomes  a  Uieonr^ — a  giKieraliza. 
tkrn  of  tcienoe — toarkiog  a  fresh  coign  of  vantage,  which 
can  never  be  soooeaBftallir  assailed  unless  by  a  mw  host 
of  antagonislic  facta.  Such  generalizftttons,  mlh  the 
erenta  leading  directl/  up  to  Ihein^  have  chiefly  oocu- 
pied  cKir  atieotion. 

But  a  mamenrs  reflection  makes  it  clear  that  the  bot- 
tle of  science^  thus  cofisulered,  is  ever  shifting  grouod 
and  ne¥er  ended.  Thus  at  any  giten  period  there  are 
many  unsettled  skirrotfihes  under  way;  tnanr  hypolh- 
eaeft  are  yet  only  struggling  towards  the  strongholds  of 
theory,  perbajis  never  to  attain  it;  in  nian^*  directions 
the  hosts  of  antagonistic  facts  seem  so  evenly  matciieci 
that  the  hazard  of  war  appears  uncertain;  or,  again,  so 
few  facts  are  available  that  as  yet  no  attack  worthy  the 
name  is  possible.  Such  unsettled  controversies  as  these 
have,  for  tlie  most  part^  been  ignored  in  our  survey  of 
the  field.  But  it  would  not  be  fair  to  conclude  our 
story  without  adverting  to  them,  at  least  in  brief ;  for 
some  of  them  have  to  do  with  the  most  comprehensive 
and  important  questions  with  which  science  deals,  and 
the  aggregate  number  of  facts  involved  in  these  unfin- 
ished battles  is  often  great,  even  though  as  yet  the 
marshalliog  has  not  led  to  final  victory  for  any  faction. 
In  some  cases,  doubtless,  the  right  hyixjthesis  is  actually 
in  the  field,  but  its  supremacy  not  yet  conclusively 
proved — perhaps  not  to  be  proved  for  raan^'  years  or 
decades  to  come.  Some  of  the  chief  scientific  results  of 
our  century  have  been  but  the  gaining  of  supremacy  for 
hypotheses  that  were  mere  forlorn  liopes,  looked  on 
with  general  contempt,  if  at  all  heeded j  when  the  eigh- 
teenth century  came  to  a  close— witness  the  doctrines  of 
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great  age  of  tbe  earth,  of  the  immateriality  of  beat, 
of  the  ondulator}^  character  of  light,  of  chemical  atom- 
icy,  of  organic  evolution*  Contrariwise,  the  op|XJsite 
ideas  to  all  of  these  had  seemingly  a  safe  Biipremacy 
until  the  new  facts  drove  them  from  the  field.  Who 
shall  say,  then,  what  forlorn  hope  of  to-day's  science 
may  not  ho  the  conquering  host  of  tomorrow?  All 
that  one  dare  attempt  is  to  cite  the  pretensions  of  a  few 
hypotheses  that  are  struggling  over  the  still  contested 

H        Our  sun  being  only  a  minor  atom  of  the  stellar  peb- 
^L  bie,  solar  problems  in  general  are  of  course  stelhir  prob- 
er t^rns  also.     But  there  are  cerUiin  sjiecial  tjiiestittns  re- 
gnrdtng  winch  we  are  able  to  interrogate  the  sun  because 

■  of  bis  proximity,  and  which  have^  furthertnore,  a  pecul- 
iar intei'cst  for  the  residents  of  imr  little  glob«!  because 
of  our  def>endenoe  upon  this  particular  star.  One  of  tfjo 
most  far-reaching  of  these  is  as  to  when?  the  sun  gets 
the  heat  that  he  gives  off  in  sucli  liberal  quantities.  We 
have  aln?ady  seen  that  Dr.  Mayer,  of  Cf>riservation-of- 

I  energy  famei  wasthe  Hrst  to  ask  this  question*  As  soon 
as  the  dfwtrine  of  the  persistence  and  conirertibility  of 
energy  was  gras^ied,  aix>ut  the  middle  of  the  century,  it 
booame  clear  that  this  was  one  of  the  most  pu/.itling  of 
questions.  It  did  not  at  all  suffice  to  answer  that  the 
sun  is  a  Imll  of  lire,  fru*  conipwtati*>n  showed  tbat^  at  the 
present  rate  of  beat-giving,  if  the  min  were  a  solitl  mass 
of  coal,  be  would  be  u>tally  consumed  in  about  five  thou- 
sand years.     As  no  such  decrease  in  size  as  this  implies 
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iiad  Ukeii  plioe  within  historie  tiiiieiy  it  wo  ckftr  that 
•ome  oth^  expUnation  moft  be  aoiigfat. 

Dr.  llajer  himaelf  hit  apon  what  aeemed  a  tenable 
■elation  at  the  very  oatseL  Starting  from  the  observed 
fact  that  mrriads  of  tinj  meteoritea  are  hnrled  into  the 
earth's  atmosphere  dailjr,  he  aigiied  that  the  san  mast 
reoeive  these  visitants  in  reallj  enonnoas  quantities — 
sufficient,  probably,  to  maintain  his  temperatare  at  the 
observed  limits.  There  was  nothing  at  all  onreaaonable 
about  this  assumption,  for  the  amount  of  energy  in  a 
swiftly  moving  body  capable  of  being  transformed  into 
heat  if  the  body  be  arrested  is  rdatively  enormous.  Thus 
it  is  calculated  that  a  pound  of  coal  dropped  into  the  sun 
from  the  inatliematiciaa's  favorite  starting-point,  infin- 
ity, would  produce  some  six  thousand  times  the  beat  it 
could  engender  if  merely  burned  at  the  sun's  surface. 
In  other  words,  if  a  little  over  two  pounds  of  material 
from  infinity  were  to  fall  into  each  square  yard  of  the 
sun's  surface  Ccich  hour,  his  observed  heat  would  be  ac- 
counted for ;  whereas  almost  seven  tons  per  square  yard 
of  stationary  fuel  would  be  required  each  hour  to  produce 
the  same  effect. 

In  view  of  the  {)elting  which  our  little  earth  receives, 
it  seemed  not  an  excessive  requisition  upon  the  meteoric 
supply  to  suppose  that  the  requisite  amount  of  matter 
may  fall  into  the  sun,  and  for  a  time  this  explanation  of 
his  incandescence  was  pretty  generally  accepted.  But 
soon  astronomers  began  to  make  calculations  as  to  the 
amount  of  matter  which  this  assumption  added  to  our 
solar  system,  particularly  as  it  aggregated  near  the  sun 
in  the  converging  radii,  and  then  it  was  clear  that  no 
such  mass  of  matter  could  be  there  without  interfering 
demonstrably  with  the  observed  course  of  the  interior 
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planets.  So  another  source  of  the  sun^s  energy  had  to 
be  sought.  It  was  found  furthwith  by  that  other  great 
German,  Helinholtz,  who  pointed  out  that  the  falling 
matter  through  which  heat  may  bo  generated  might  just 
as  well  bo  within  the  substance  of  the  sun  as  without ; 
in  other  words,  that  contraction  of  the  sun's  heated  body 
is  quite  sufficient  to  account  for  a  long-sustained  heat- 
supply  which  the  mere  burning  of  any  fcnown  substance 
coald  not  approiich.  Moreover,  the  amount  of  matter 
thus  falling  towards  the  sun's  centre  being  enormous — 
namely,  the  tota,l  substauco  of  the  sun — a  relatively  small 
amount  of  contraction  v\^ould  be  theoretically  sufficient 
to  keep  the  sun's  furnace  at  par.  so  to  si)eak. 

At  first  sight  this  explanation  seemed  a  little  puzzling 
to  many  laymen  and  some  experts,  for  it  seemed  to  im- 
ply, as  Lord  Kelvin  pointed  out,  that  the  sun  contracts 
because  it  is  getting  cooler,  and  gains  heat  because  it 
contracts.  But  this  feat  is  not  really  as  paradoxical  as 
it  seems^  for  it  is  not  implied  that  there  is  any  i*eal  gain 
of  heat  in  thesun^s  mass  as  a  whole,  but  quite  the  reverse. 
All  that  is  sought  is  an  explanation  of  a  iiuiiutenance  of 
beat-giving  capacity  relatively  unchanged  for  a  long,  but 
not  an  interminuble,  period.  Indeed,  exactly  here  comes 
in  the  novel  and  startling  feature  of  liehuholtx's  ealuu- 
lation.  According  to  Mayer's  meteoric  hyi)othesis,  there 
were  no  data  at  haml  for  any  estimate  whatever  as  to  the 
sun's  permanency,  since  no  one  couUl  surmise  what  might 
he  the  limits  of  tlie  meteoric  supply.  But  llelmhottz's 
estimate  implied  an  incandescent  body  cooling — keeping 
up  a  somewhat  equable  temperature  through  contraction 
for  a  time,  but  for  a  bmitod  time  only;  destined  ulti- 
mately to  ljM?coine  liquid,  solid ;  to  cool  below  the  tetu- 
(mrature  of  incaudescence^to  die.    Not  only  so,  but  it 
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became  possible  to  calculate  tlie  limits  of  time  irithin 
which  this  culmination  would  probably  occur.  It  was 
only  necessary  to  calculate  the  total  amount  of  heat 
which  could  be  generated  by  the  toUil  mass  of  our  solar 
system  in  falling  together  to  the  sun's  centre  from  **  in- 
finity "  to  tind  the  total  heatrsupply  to  be  drawn  upon. 
Assuming,  then,  that  the  present  observed  rate  of  heat 
giving  has  been  the  average  maintainetl  in  the  paat,  a 
simple  division  gives  the  nniuber  of  years  for  which  the 
original  supply  is  adequate.  The  supply  will  be  ex- 
haustetl,  it  will  be  observed,  when  the  mass  comes  into 
stable  equilibrium  as  a  solid  body,  no  longer  subject  to 
contraction,  about  the  sun's  centre— suoh  a  body,  m 
shorty  as  our  earth  is  at  present. 

This  calculation  was  made  by  Lord  Kelvin,  Professor 
Tait,  and  others,  and  the  result  was  one  of  the  most  truly 
dynamitic  surprises  of  tht^  century.  For  it  transpired 
that,  according  to  matheTiiatics,  the  entire  limit  of  the 
sun's  heat-giving  life  could  not  ejcceed  something  like 
twenty-five  millions  of  yeara*  The  publication  of  that 
estimate,  with  the  appearance  of  authority,  bn^ught  a 
veritable  storm  about  the  heads  of  the  physicists.  The 
entire  geological  and  biological  worlds  were  up  in  arms 
in  a  trice.  Two  or  three  generations  before,  they  hurled 
brickbats  at  any  one  who  even  hinted  that  the  solar  sys- 
tem niight  be  more  than  six  thousand  years  old  ;  now 
they  jeered  in  derision  at  the  attempt  to  limit  the  life- 
bearing  period  of  our  globe  to  a  paltry  fifteen  or  twenty 
millions. 

The  controversy  as  to  solar  time  thus  raiseil  provetl 
one  of  the  most  curious  nnd  interesting  scientilic  dispu- 
tations of  the  century.  The  scene  sooti  shifted  from  the 
sun  to  the  earth ;  for  a  little  reflection  made  it  clear 
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that  the  data  reganling  the  sun  alone  were  Dot  suffi- 
oiently  defiaite.  Thus  Dr,  Croll  contended  that  if  the 
parent  bodies  of  the  sun  hatl  chanced  to  be  ''  flying 
stars  *'  before  collision^  a  vastly  greater  supply  of  heat 
would  have  been  engendered  than  if  the  matter  merely 
fell  together*  Again,  it  could  not  be  overlooked  that  a 
host  of  meteors  are  falling  into  the  sun,  and  that  this 
source  of  energy,  though  not  in  itself  sufficient  to  ac- 
oount  for  all  the  heat  in  question^  might  be  sufficient  to 
vitiate  utterly  any  exact  calculations.  Vet  again,  Pro- 
fessor Lockyer  calletl  attention  to  another  source  of 
variation,  in  the  fact  that  the  chemical  combination  of 
elements  hitherto  existing  separately  must  produce  large 
quantitie.^of  heat,  it  being  even  suggested  that  this  source 
alone  might  possibly  account  for  all  the  present  output. 
On  the  whole,  then,  it  became  clear  that  the  contraction 
theory  of  the  sun's  heat  must  itself  await  thedemonstrnr 
tion  of  observed  shrinkage  of  the  solar  disc,  as  viewed  by 
future  generations  of  observers,  before  taking  rank  as  an 
incontestable  theory,  and  that  computations  as  to  time 
based  solely  on  this  hypothesis  must  m  tiio  meantime  be 
viewed  askance. 

But,  the  time  controversy  having  taken  root,  new 
methods  were  naturally  found  for  testing  it.  The  ge- 
ologists sought  to  estimate  the  period  of  time  that  must 
have  been  required  for  the  deposit  of  the  sedimentary 
ks  now  observed  to  make  up  the  outer  crust  of  the 
rth.  The  amount  of  sediment  ciirried  through  the 
mouth  of  a  great  river  furnishes  a  clew  to  the  rate  of 
denudation  of  the  area  drained  by  that  river.  Thus  the 
studies  of  Messrs.  Humphreys  and  Abbot,  made  for  a 
different  purpose,  show  that  the  average  level  of  the 
territory  drained  by  the  Mississippi  is  being  reduced  by 
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about  one  foot  m  six  thousand  yoars.  The  HeiUment  is, 
of  coarse,  being  piled  up  out  in  the  Gulf  at  a  proportion- 
ate rate.  If»  then,  this  be  assumed  to  be  an  average  rate 
of  denudation  and  deposit  in  the  past,  and  if  the  total 
thicknefis  of  sedimentary  deposits  of  past  ages  were 
iinown,  a  simple  calculation  would  show  the  age  of  the 
earth's  crust  since  the  first  continents  were  formed. 
But  unfortunately  these  **ifs"  stand  mountain-high 
here,  all  the  essential  factors  being  indeterminate. 
Nevertheless,  the  geologists  contended  that  they  could 
easily  muke  out  a  case  proving  that  the  constructive 
and  destructive  work  still  in  evidence^  to  say  nothing 
of  anterior  revolutions,  could  not  have  been  accom- 
plished in  less  than  from  twenty  five  to  fifty  raillions  of 
years. 

This  computation  would  have  carrieil  little  weight 
with  the  physicists  had  it  not  chanced  that  another  com- 
putation of  their  own  was  soon  made  which  had  even 
more  startling  results.  This  computation,  made  by  Lord 
Kelvin,  was  based  on  the  rata  of  loss  of  heat  by  the 
earth.  It  thus  resembled  the  previous  solar  estimate  in 
method.  But  the  result  was  very  different,  for  the  new 
estimate  seemed  to  prove  that  since  the  final  crust  of 
the  earth  formed  a  period  of  from  one  hundred  to  two 
hundred  millions  of  years  has  efapsetl. 

With  tills  all  controversy  cejised^  for  the  most  grasp* 
ing  geologist  or  biologist  would  content  himself  with  a 
fraction  of  that  time.  What  is  more  to  the  pointy  how- 
ever, is  the  fact^  which  these  varying  estimates  have 
made  patent,  that  computations  of  the  age  of  the  earth 
based  on  any  data  at  hand  are  little  better  ttian  rough 
guesses.  Long  before  the  definite  estimates  were  under- 
taken, geologists  had  proved  that  the  earth  m  very,  very 
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old,  and  it  can  hardly  be  said  that  the  attempted  com- 
putations ha%*e  added  much  of  definiteness  to  that  propo- 
sition. They  have,  indeed,  pi^oved  that  the  period  of 
time  to  be  drawn  upon  is  not  infinite;  but  the  nebular 
hypothesis,  to  say  nothing  of  coramon-sense,  carried  us 
as  far  as  that  long  ago. 

If  the  computations  in  question  have  failed  of  their 
direct  purpose,  however,  they  have  been  by  no  means 
liieking  in  important  collateral  results.  To  mention  bat 
one  of  these,  Lord  Kelvin  was  led  by  this  controversy 
over  the  earth's  age  to  naake  his  famous  computation  iu 
which  he  proved  that  the  telluric  structure^  as  a  whole, 
must  have  at  least  the  rigidity  of  steel  in  order  to  resist 
the  moon's  tidal  pull  as  it  does.  Hopkins  had,  indeed, 
made  a  somewhat  similar  estimate  as  early  as  1839, 
pmving  that  the  earth's  crust  must  be  at  least  eight 
hundred  or  a  thousand  miles  in  thickness;  but  geologists 
had  utterly  ignored  this  computation,  and  the  idea  of  a 
thin  crust  on  a  fluid  interior  had  continued  to  be  the 
orthoilox  geological  doctrine.  Since  Lord  Kelvin's 
estimate  was  made,  his  claim  that  the  final  crust  of  the 
irth  could  not  have  formed  until  the  mass  was  solid 
krooi^hout,  or  at  least  until  a  honeycomb  of  solid  matter 
had  been  bridged  up  from  centre  to  circumference,  has 
gtiined  pretty  genend  acceptance.  It  still  remains  an 
o|ien  question,  however,  as  to  what  proportion  the  ]acuna> 
of  niolten  matter  bear  at  the  present  day  to  the  sol idi lied 
|K>rtions,  and  therefore  to  what  extent  the  earth  will  be 
subject  to  further  shrinkage  and  attendant  surfaca 
contortions.  That  some  such  lacuna  do  exist  is  demon* 
stratod  daily  by  the  plienomena  of  volcanoes*  So,  after 
all,  the  crust  theory  has  boon  supplanted  by  a  compro- 
mise theory  rather  than  completely  overthrown,  and 
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our  knowledge  of  the  ooDdition  of  the  telluric  depths  iis 
still  far  from  definite. 

If  go  much  uncertainty  attends  these  fuiiJaniont4iJ 
questions  as  to  the  earth's  past  and  present,  it  is  not 
strange  that  open  problems  as  to  her  future  are  still 
more  numerous.  We  have  seen  how,  according  to  Pro- 
fessor Darwin's  compulations,  the  moon  threatens  to 
come  back  to  earth  with  destructive  force  some  day. 
Yet  Professor  Darwin  himself  urges  that  there  are  ele- 
ments  of  fallibility  in  the  data  involved  that  roh  the 
computation  of  all  certainty.  Much  the  same  thing  is 
true  of  perhaps  all  the  estimates  that  have  been  made 
as  to  the  earth's  ultimate  fate*  Thus  it  has  been  sug- 
gested thatj  even  sliould  the  sun*s  heat  not  forsake  us, 
our  day  will  become  month4ong,  and  then  year-long; 
that  all  the  water  of  the  globe  must  ultimately  filter 
into  its  depths,  and  all  the  air  fly  off  into  space,  leaving 
our  earth  as  dry  and  as  devoid  of  atmosphere  as  the 
moon ;  and,  finally^  that  ether-friction^  if  it  exist,  or,  in 
default  of  that,  meteoric  friction*  must  ultimately  bring 
the  earth  back  to  the  sun.  Dut  in  all  these  prognostic 
cations  there  are  possible  comiJensating  factors  that 
vitiate  the  estimates  and  lea\"©  the  exact  results  in 
doubt.  The  last  wonl  of  the  Ci>smic  science  of  our 
century  is  a  prophecy  of  evil — if  annihilation  be  an  evil. 
But  it  is  left  for  the  science  of  another  generation  to 
point  out  more  clearly  tlie  exact  terms  in  which  the 
prophecy  is  most  likely  to  be  fultiUed. 
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In  regard  to  all  these  cosmic  and  telluric  problemSj 
it  will  be  seen,  there  is  alw<iys  the  same  npi>eal  to  one 
centi-al  rule  of  action— the  law  of  gravitation.  When 
we  turn  from  macrocosni  to  microcosm  it  would  apjiear 
as  if  new  forces  of  interaction  were  introduced  in  the 
powers  of  cohesion  and  of  chemical  action  of  molecules 
and  atoms.  But  T>ortl  Kelvin  has  argued  that  it  is  pos- 
sible to  form  such  a  conception  of  the  forms  and  space 
relations  of  the  ultimate  particles  of  matter  that  their 
mutual  attractions  ma}"  be  exphdned  by  invoking  that 
same  law  of  gravitation  which  holds  the  stars  and  plan- 
ets in  their  course.  Wliat,  then,  is  this  all-compassing 
power  of  gravitation  which  occupies  so  central  a  t^>sition 
in  the  scheme  of  mecliantctil  things? 

The  simple  answer  is  that  no  man  knows.  The  wisest 
physicist  of  to-day  will  assure  you  that  he  knows  abso- 
lutely nothing  of  the  why  of  gravitation — that  lie  c<in 
no  more  explain  why  a  stone  tossed  into  the  air  falls 
back  to  earth  than  can  the  boy  who  tosses  the  stone. 
But  while  this  statement  puts  in  a  nutsliell  the  scientific 
status  of  explanations  of  gravitation »  yet  it  is  not  in 
human  nature  that  speculative  scientists  should  refrain 
from  the  effort  to  explain  it.  Such  efforts  have  been 
made;  yet^  on  the  whole,  they  ara  surprisingly  few  in 
number;  indeed,  there  are  but  two  that  need  claim  our 
attention  here,  and  one  of  these  has  hanlly  more  than 
historical  interest.  One  of  these  is  the  so-called  ultra- 
mandane-corpuscle  hypothesis  of  Le  Sage;  the  other  is 
based  on  the  vortex  theory  of  matter* 
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The  theory  of  Le  Sage  assumes  that  the  entire  uni- 
verse is  filled  with  infinitely  minute  parti  Gleg  flying  in 
right  lines  in  every  direction  with  inconoei  vahle  rupidity 
Every  mass  of  tangible  matter  in  the  universe  is  ince^ 
santly  bombarded  by  these  parlicleSj  but  iiny  tivo  nua- 
contiguoiis  masses  (whether  separated  by  an  iDHnitesi-j 
mal  space  or  by  the  limits  of  the  universe)  arc  mutually 
siitelded  by  one  another  from  a  certain  nunibcr  of  the 
particles,  and  thus  impelled  towards  one  another  by  the 
excess  of  bombardment  on  their  opposite  sides*  What 
applies  to  two  masses  applies  also^  of  course;,  to  nny 
number  of  masses — in  short,  to  all  the  matter  in  the 
universe.  To  make  the  hypothesis  workable,  so  to  say  J 
it  is  necessary  to  assume  that  the  ** ultra-mundane"  par- 
ticles are  possessed  of  absolute  elasticity,  so  tijat  they 
rebound  from  one  another  on  oollision  without  loss  of 
si>eed.  It  is  also  necessary  to  assume  that  all  ti^ngible 
matter  has  to  an  almost  unthinkable  degree  a  sieve-like 
texture,  so  that  the  vast  proportion  of  the  ooercive  par- 
ticles pass  entirely  through  the  liody  of  any  mass  they 
encounter^a  star  or  world,  for  example — without  really 
touching  any  part  of  its  actual  suMance.  This  assumj> 
tion  is  necessary  because  gravitation  takes  no  account 
of  mere  corporeal  bulk,  but  only  of  mass  or  ultimate 
sol  [dan  ty.  Thus  a  very  bulky  object  may  be  sf>  loo«selv 
meshed  that  it  retards  relatively  few  of  the  corpuscles, 
and  hence  gravitates  with  relative  feebleness — or,  to 
adopt  a  more  familiar  mod©  of  expression^  is  light  in 
weight. 

This  is  certainly  heaping  hypotheses  together  in  a 
reckless  way,  and  it  is  perhaps  not  surprising  that  Le 
Sage^s  conception  did  not  at  Urst  amuse  any  very  great 
amount  of  interest.     It  ivas  put  for>vard  about  a  century 
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ago,  but  for  two  or  three  generations  remaineil  prac- 
tically unnoticed.  The  pbilosopliers  of  the  first  half  of 
our  century  seem  to  have  despaired  of  explairiing  gravi- 
tation, though  Faraday  long  experimented  in  the  liope 
of  BStablisluDg  a  relation  between  gravitation  and  elec- 
tricity or  magneti&ni.  But  not  long  after  the  m it] cite  of 
the  century,  when  a  new  science  of  dynamics  was  claim- 
ing paramount  importance,  and  physicists  were  striving 
to  express  all  tangible  phenomena  in  terms  of  matter  in 
motion,  the  theory  of  I^  Sage  was  revived  and  given  a 
large  measure  of  attention.  It  had  at  least  the  merit  of 
explaining  the  facts  without  conllicting  with  any  known 
mechanical  law,  which  was  more  tlian  could  be  said  of 
any  other  guess  at  the  question  that  had  ever  been 
made. 

More  recently,  however,  another  explanation  has  been 
found  which  also  meets  this  condition.  It  is  a  concep- 
tion based,  like  most  other  [ihysk-al  speculations  of  the 

it  generation,  upon  the  hypothesis  of  the  vortex  atom, 
and  was  suggested,  no  doubt,  by  those  speculations  which 
consider  electricity  and  magnetism  to  be  conditions  of 
strain  or  twist  in  the  substance  of  the  universal  ether. 
In  a  word,  it  supposes  that  gravitation  also  is  a  form  of 
strain  in  this  ether— a  strain  that  may  l>e  likened  to  a 
suction  which  the  vortex  atom  is  .su|>posed  to  exert  on 
the  ether  in  which  it  lies.  Aceortling  to  this  view,  gravi- 
tation is  not  a  push  from  without,  but  a  pull  from  within; 
not  due  to  exterior  rntluences,  but  an  inherent  and  indis* 
soluble  property  of  matter  itself.  Tlie  conception  has 
the  further  merit  of  correlating  gravitation  with  elec* 
tricity,  magnetism,  and  light,  as  a  condition  of  that 
strange  ethereal  oc^an  of  which  modern  physics  takes 
SCI  much  account.    But  here,  agnin,  clearly,  we  are  but 
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heaping  hvpothesk  Ujjoti  bypotbesis,  as  before*  Still,  a 
hytjoihesis  that  riolates  no  known  law  and  has  the  war- 
rant of  |jhiloso[)hicul  proUability  is  always  worthy  of  a 
liearing.  Only  we  must  not  forget  that  it  is  liypo thesis 
only^  not  conclusive  theory. 

The  same  cautiitn  applies,  manifestly,  to  all  the  other 
s|ieculattons  which  have  the  vortex  atom,  so  to  sj^y,  for 
their  fountlation*  stone.  Thus  Professors  Stewart  ami 
Tail's  inferences  as  to  the  destructibility  of  matter,  baited 
on  the  sup))osition  that  the  ether  is  not  quite  frictionleas, 
Professor  Dolbear*s  suggestions  as  to  the  creation  of 
matter  through  the  development  of  new  ether  ripples, 
and  the  same  thinker's  speculations  as  to  an  up|>er  limit 
of  temperature,  based  on  the  mechanical  conception  of 
a  limit  to  the  possible  vibrations  of  a  vortex  ring,  nt»t 
to  mention  other  more  or  less  fascinating  s|ieculationsi 
based  on  the  vortex  hypothesis,  must  l>e  regarded,  what 
ever  their  intrinsic  interest,  as  insecurely  gniunded,  until 
such  time  as  new  experimental  methods  shall  give  theni 
another  footing.  Lord  Kelvin  hims<?lf  Imlds  all  siicli 
speculations  utterly  in  abeyance.  *'The  vortex  theory," 
Ije  says,  **  is  only  a  dream.  Itself  un proven,  it  can  prove 
nothing,  and  any  s^ieculations  founded  upon  it  are  mere 
dreams  about  a  di*eam." 

That  certainly  must  be  considered  an  unduly  m4xlest 
pronouncement  regarding  the  only  workable  hypothe- 
sis of  the  constitution  of  matter  that  has  ever  been 
imagineil;  yet  the  fact  certainly  holds  that  the  vortex 
theory,  the  great  contribution  of  our  century  towanls 
the  solution  of  a  world  old  problem,  has  not  been  car 
ried  beyond  the  stage  of  hypothesis,  and  must  be  passwi 
on,  with  its  burden  of  interesting  corollaries,  to  another 
generation  for  the  ex]ierimental  evidence  that  will  lead 
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to  its  acceptance  op  its  refutation.  Out*  century  has 
given  experimental  proof  of  the  existence  of  the  atom, 
but  has  not  Ijeen  able  to  fathom  in  the  same  n-aj  the 
exact  fonii  or  nature  of  this  ultimate  particle  of  matter. 
E(|ually  in  the  dark  are  ive  as  to  the  explanation  of 
that  strange  attinitj  for  its  neighbors  which  every  atom 
manifests  in  some  degree.  If  we  assume  that  the  [K>wer 
which  holds  one  atom  to  anotlier  is  the  same  which  in 
case  of  larger  bodies  we  term  gravitation,  that  answer 
carries  us  but  a  little  way,  since,  as  we  have  seen,  gravi- 
tation itself  is  the  greatest  of  m^^steries.  But  again,  how 
chances  it  that  different  atoms  attract  one  another  in  such 
varying  degrees,  so  timt,  for  example,  fluorine  unites 
with  everything  it  touches,  argon  with  nothing?  And 
how  is  it  that  different  kinds  of  atoms  can  hold  to  them- 
selves sucii  varying  numbers  of  fellow -atums— oxygen 
one,  hydrogen  two,  and  so  on  ?  These  are  questions  for 
tlte  future.  Tlie  wisest  chemist  does  not  know  why  the 
simplest  chemical  experiment  results  as  it  does.  Take, 
for  example,  a  water-like  solution  of  nitrate  of  silver, 
and  let  fall  into  it  a  few  drops  of  another  w^aterdike  solu- 
lion  of  liydruchloric  acid ;  a  white  insoluble  precipitate 
of  chloride  of  silver  is  formed.  Any  tyro  in  chemistry 
could  have  predicted  the  result  with  absolute  certainty. 
But  the  prediction  would  have  been  based  purely  upon 
[treviotis  empirical  knowledge-^solely  U[)on  the  fact  that 
the  thing  had  been  done  before  over  and  over,  always 
with  the  same  result,  Why  the  silver  forsook  the  ni- 
trogen atom,  and  grappled  the  atom  of  oxygen,  no  one 
knows.  Nor  can  any  one  as  yet  ex  phi  in  just  ivhy  it  is 
that  the  new  compound  is  an  insoluble,  colored,  opaque 
substance,  whereas  the  antecedent  ones  were  soluble, 
colorless,  and  transpnrent.    More  than  that,  no  on©  can 
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explain  with  certainty  just  what  is  meant  by  the  famil- 
iar  word  soluble  itself.  That  is  to  say,  no  one  knows 
jast  what  happens  when  one  drops  a  lamp  of  salt  or 
sogar  into  a  bowl  of  water.  We  may  believe  with  Pro- 
fessor  Ostwald  and  his  followers,  that  the  molecules  of 
sugar  merely  glide  everywhere  between  the  molecules  of 
water,  without  chemical  action ;  or,  on  the  other  hand, 
dismissing  this  mechanical  explanation,  we  may  say 
with  Mendeleef  that  the  process  of  solution  is  the  most 
active  of  chemical  phenomena,  involving  that  incessant 
interplay  of  atoms  known  as  dissociation.  But  these 
two  explanations  are  mutually  exclusive,  and  no  one  can 
say  positively  which  one,  if  either  one,  is  right.  Nor  is 
either  theory  at  best  more  than  a  half-explanation,  for 
the  why  of  the  strange  mechanical  or  chemical  activi- 
ties postulated  is  quite  ignored.  How  is  it,  for  example, 
that  the  molecules  of  water  are  able  to  loosen  the  inter- 
molecular  bonds  of  the  sugar  particles,  enabling  them  to 
scam{>er  apart  ? 

But.  for  that  matter,  what  is  the  nature  of  these  in- 
termolecular  bonds  in  any  case  ?  And  why,  at  the  same 
tenn)erature,  are  some  substances  held  together  with 
such  enormous  rigidity,  others  so  loosely?  AVhy  does 
not  a  lump  of  iron  dissolve  as  readily  as  the  lump  of 
sugar  in  our  bowl  of  water?  Guesses  may  be  made  to- 
day at  these  riddles,  to  be  sure,  but  anything  like  tena- 
ble solutions  will  only  be  possible  when  we  know  much 
more  than  at  present  of  the  nature  of  intermolecular 
forces,  and  of  the  mechanism  of  molecular  structures. 
As  to  this  last,  studies  are  under  way  that  are  full  of 
promise.  For  tiie  past  ten  or  fifteen  years  Professor 
Yan  't  Hoof  of  Amsterdam  (now  of  Berlin),  with  a  com- 
pany of  followers,  has  made  the  space  relations  of  atoms 
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a  special  study,  with  ilie  result  that  so-ctiUed  stereo 
cliemistry  hus  sittainetl  a  firm  position.  A  truly  araaz- 
ing  insigiit  lias  been  gained  into  the  space  rt'lations  of 
the  raabcules  of  carbon  compounds  in  particular,  and 
other  compounds  are  under  investigation.  But  these  re- 
sults, wonderful  though  they  seem  when  the  intricacy 
I  of  the  subject  is  considered,  are,  after  ail,  only  lenta- 
I         tive.     It  is  demonstrated  that  some  molecules  have  their 

» atoms  arranged  in  perfectly  detinite  and  unalterable 
sehemes^  but  just  hovr  these  systems  are  to  be  mechanic 
gftUy  picturetl  — whether  as  miniature  planetary  systems 
OT  what  not— remains  for  the  investigatoi-s  of  the  future 
to  determine. 
It  ap|iears,  then,  that  whichever  way  one  turns  in  the 
realm  of  the  atom  and  molecule,  one  finds  it  a  land  of 
1^  mysteries.  In  no  Held  of  science  have  more  startling 
^m  discoveries  been  made  in  our  century  than  here;  yet 
^  nowhere  else  do  there  seem  to  Ue  wider  realms  yet  un- 
^-    fathomed. 

^M  In  the  life  history  of  at  least  one  of  the  myriad  star 
^H  systems  there  has  come  a  time  when,  on  the  surface  of 
^^  one  of  the  minor  membere  of  the  group,  atoms  of  mat- 
^M  ter  Imva  been  aggregated  into  such  associations  as  to 
^m  constitute  what  m  called  living  matter.  A  question 
^"  that  at  once  suggests  itself  to  any  one  who  conceives 
even  vaguely  the  relative  uniformity  of  conditions  in 
the  diiTerent  sttir  groufis  is  as  to  whether  other  worlds 
than  ourM  have  also  tlieir  comphMueiit  of  living  forms. 
The  question  has  interested  s|jeculative  science  more 
3r  4ie 
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perhaps  in  onr  oentary  than  ever  before,  bat  it  can 
hardly  be  said  that  much  progress  has  been  made  tow- 
ards a  definite  answer.  At  first  blosh  the  demonstration 
that  all  the  worlds  known  to  us  are  composed  of  the 
same  matter,  subject  to  the  same  general  laws,  and 
probably  passing  through  kindred  stages  of  evolution 
and  decay,  would  seem  to  carry  with  it  the  reasonable 
presumption  that  to  all  primary  planets,  such  as  ours,  a 
similar  life-bearing  stage  must  come.  But  a  .moment's 
reflection  shows  that  scientific  probabilities  do  not  carry 
one  safely  so  far  as  this.  Living  matter,  as  we  know  it, 
notwithstanding  its  capacity  for  variation,  is  condi- 
tioned within  very  narrow  limits  as  to  physical  sur- 
roundings. Now  it  is  easily  to  be  conceived  that  these 
l>eculiar  conditions  have  never  been  duplicated  on  any 
other  of  all  the  myriad  worlds.  If  not,  then  those  more 
complex  aggregations  of  atoms  which  we  must  suppose 
to  have  been  built  up  in  some  degree  on  all  cooling 
globes  must  be  of  a  character  so  different  from  what  we 
term  living  matter  that  we  should  not  recognize  them  as 
such.  Some  of  them  ma}'  be  infinitely^  more  complex, 
more  divei*sified  in  their  capacities,  more  widely  re- 
sponsive to  the  influences  about  them,  than  any  living 
thing  on  our  earth,  and  yet  not  respond  at  all  to  the 
conditions  which  we  apply  as  tests  of  the  existence  of 
life. 

This  is  but  another  way  of  saying  that  the  peculiar 
limitations  of  s}>ecialized  aggregations  of  matter  which 
characterize  what  we  term  living  matter  may  be  mere 
incidental  details  ot  the  evolution  of  our  particular  star 
group,  our  particular  planet  even — having  some  such 
relative  magnitude  in  the  cosmic  order  as,  for  example, 
the  exact  detail  of  outline  of  some  particular  leaf  of  a 
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tree  bears  to  tbe  entire  subject  of  vegetable  life.  But^ 
on  the  other  hand,  it  is  also  conceivable  that  the  condi- 
tiuns  oil  all  platK^Ls  ooni parable  in  pnsitiou  to  ours, 
tliough  never  absolutely  identical,  yet  pixsa  at  some  stage 
through  so  similar  an  epoch  that  on  each  and  everyone 
of  them  there  is  tie v eloped  something  nieasunibly  com- 
parable, in  liutnan  terms,  to  what  we  here  know  iis  liv- 
ing matter;  differing  widely,  i>LM'haps,  from  any  partic- 
alar  form  of  living  being  here,  yet  still  conforming 
broadly  to  a  definition  ot  living  tilings.  In  that  case 
the  life-bearing  stage  of  a  planet  must  be  eonsidereil  as 
having  far  more  general  signiKcance;  |>erhaps  even  as 
constituting  the  time  of  fruitage  of  tlie  cosmic  organ- 
ism, though  nothing  but  human  egotism  gives  warrant  to 
this  |)articukr  presumption. 

Between  these  two  opposing  views  every  one  is  free 
to  choose  acconling  to  his  preconceptions,  for  as  yet 
science  is  unable  to  give  a  deciding  vote.  Etjitallj^  ojjen 
to  discussion  is  that  other  question,  as  to  whether  tbe 
evolution  of  universal  atoms  into  a  **  vital  '■  association 
occurred  but  once  on  our  globe,  forming  the  |)rimittve 
imtss  from  wliich  all  the  diversified  forms  evolved,  or 
whether  such  shifting  from  tlie  so-calle<l  non  vital  to  the 
vital  was  many  times  refwated — perhaps  still  goes  on  in- 
cessantly. It  is  quite  true  that  the  testitnony  of  our 
century,  so  far  as  it  goes,  is  all  against  the  idea  of 
''spontaneous  generation  ''  under  existing  conditions.  It 
has  been  clearly  cTiough  demonstratetl  tfiat  I  lie  bacteria 
and  other  low  forms  of  familiar  life  which  formerly"  were 
supj>nsed  to  originate  ^*  spontaneously  "  had  a  cjuite  dif- 
ferent origin,  l^ut  the  solution  of  this  special  case  leaves 
the  gi?neral  problem  still  far  from  solved.  Who  knows 
what  are  the  conditions  necessary  to  the  evolution  of  the 
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ererpresent  atoms  into  '*  vital *'  associations ?  Perhaps 
extreme  pressure  may  be  one  of  these  oonditions ;  and, 
for  aught  any  man  knows  to  the  contrary,  the  **  spon- 
taneous generation  "  of  living  protoplasm  may  be  taking 
place  incessantly  at  the  bottom  of  every  ocean  of  the 
globe. 

This  of  course  is  a  mere  bald  statement  of  possibilities. 
It  may  be  met  by  another  statement  of  possibilities,  to 
the  effect  that  perhaps  the  conditions  necessary  to  the 
evolution  of  living  matter  here  may  have  been  fulfilled 
but  once,  since  which  time  the  entire  current  of  life  on 
our  globe  has  been  a  diversified  stream  from  that  one 
source.  Observe,  please,  that  this  assumption  does  not 
fall  within  that  category  which  I  mention  above  as  con- 
traband of  science  in  speaking  of  the  origin  of  worlds. 
The  existence  of  life  on  our  globe  is  only  an  incident 
limitetl  to  a  relatively  insignificant  period  of  time,  and 
whether  the  exact  conditions  necessary  to  its  evolution 
pertained  but  one  second  or  a  hundred  million  years  does 
not  in  the  least  matter  in  a  philosophical  analysis.  It  is 
merely  a  question  of  fact,  just  as  the  particular  temper- 
ature of  the  earth's  surface  at  any  given  epoch  is  a  ques- 
tion of  fact,  the  one  condition,  like  the  other,  being  tem- 
porary and  incidental.  But,  as  I  have  said,  the  question 
of  fact  as  to  the  exact  time  of  origin  of  life  on  our  globe 
is  a  question  science  as  yet  cannot  answer. 

But,  in  any  event,  what  is  vastly  more  important  than 
this  question  as  to  the  duration  of  time  in  which  living 
matter  was  evolved  is  a  comprehension  of  the  philosophi- 
cal status  of  this  evolution  from  the  "  non-vital "  to  the 
'*  vital.''  If  one  assumes  that  this  evolution  was  brought 
about  by  an  interruption  of  the  play  of  forces  hitherto 
working  in  the  universe — that  the  correlation  of  forces 
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involveil  was  unique^  acting  then  and  then  only — by  that 
BssutnptJon  he  removes  the  question  of  the  origin  of  life 
utterly  from  the  domai ti  of  science— exactly  as  the  sl&- 
sumptton  of  an  initial  push  would  remove  the  question 
of  the  origin  of  worlds  from  the  domain  of  science.  But 
the  science  of  to-day  most  emphatically  demurs  to  any 
such  assumption.  Every  scientist  with  a  wide  grasp  of 
facts,  who  can  think  clearly  and  without  prejudice  oyer 
the  field  of  what  is  known  of  cosmic  evolution,  must  be 
driven  to  believe  that  the  alleged  wide  gap  between 
vital  and  non-vital  matter  is  largely  a  figment  of  prej- 
udiced human  understanding.  In  the  broader  view  there 
mem  no  gaps  in  the  scheme  of  cosmic  evolution  — no 
break  in  the  incessant  reciprocity  of  atomic  actions, 
whether  those  atoms  be  floating  as  a  **  hre  mist"  out  in 
one  part  of  space,  or  aggregatal  into  tlje  brain  of  a  man 
in  another  part.  And  it  seems  well  within  the  range  of 
scientific  expectation  that  the  laboratory  worker  of  the 
future  will  learn  how  so  to  duplicate  telluric  conditions 
that  the  play  of  univei^al  forces  will  build  living  matter 
out  of  the  inorgaitic  in  the  laboratory,  as  they  have  done, 
and  p<?rhap6  stilt  are  doing,  in  the  terrestriid  oceans. 

To  the  timid  reasoner  that  assumption  of  possibilities 
may  seem  startling.  Hut  assuredly  it  is  no  more  so  than 
seemed,  a  oentury  ago,  th©  assumption  that  man  has 
evidved,  through  the  agency  of  *' natural  laws'"  only, 
from  the  lowest  organism.  Vet  the  timidity  of  that 
elder  day  has  been  obligi?d  by  the  progress  of  our  cen- 
tury to  adapt  its  conceptions  to  that  assured  sequence 
of  events,  And  some  day,  in  all  probability,  the  timid- 
ity of  t<j-day  will  Ixi  obliged  to  take  that  final  logical 
step  which  today's  knowlalge  foreshadows  as  a  future 
if  not  a  pr«9ent  necessity. 
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Whatever  fatare  science  may  be  able  to  aocomplisb  in 
this  direction,  however,  it  must  be  admitted  that  present 
science  finds  its  hands  quite  fuU,  without  going  farther 
afield  than  to  observe  the  succession  of  generations 
among  existing  forms  of  life.  Since  the  establishment 
of  the  doctrine  of  organic  evolution,  questions  of  hered- 
ity, always  sufficiently  interesting,  have  been  at  the  very 
focus  of  attention  of  the  biological  world.  These  ques- 
tions, under  modem  treatment,  have  resolved  them- 
selves, since  the  mechanism  of  such  transmission  has 
been  proximately  understood,  into  problems  of  cellular 
activity.  And  much  as  has  been  learned  about  the  cell 
of  late,  that  interesting  microcosm  still  offers  a  multi- 
tude of  intricacies  for  solution. 

Thus,  at  the  very  threshold,  some  of  the  most  element- 
ary principles  of  meclianical  construction  of  the  cell  are 
still  matters  of  controversy.  On  the  one  hand,  it  is  held 
by  Professor  O.  Biitschli  and  his  followers  that  the  sub- 
stance of  the  typical  cell  is  essentially  alveolar,  or  foam- 
like,  comparable  to  an  emulsion,  and  that  the  observed 
reticular  structure  of  the  cell  is  due  to  the  intersections 
of  the  walls  of  the  minute  ultimate  globules.  But  an- 
other equally  authoritative  school  of  workers  holds  to 
the  view,  first  expressed  by  Frommann  and  Arnold, 
that  the  reticulum  is  really  a  system  of  threads,  which 
constitute  the  most  important  basis  of  the  cell  structure. 
It  is  even  held  that  these  fibres  penetrate  the  cell  walls 
jind  connect  adjoining  cells,  so  that  the  entire  body  is  a 
reticulum.  For  the  moment  thei-e  is  no  final  decision 
between  these  opposing  views.  Professor  Wilson  of 
Columbia  has  suggested  that  both  may  contain  a  meas- 
ure of  the  truth. 

Again,  it  is  a  question  whether  the  finer  granules  seen 
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within  the  cell  are  or  are  not  typical  structures, "  capa- 
ble of  assimilation^  growth,  and  division,  and  hence  to 
be  regarded  as  elementary  units  of  structure  standing 
between  the  cell  antl  the  ultimate  molecules  of  living 
matter.''  The  more  [jhilosophieal  thinkers,  like  Spencerj 
Darwin^  Jlaeckel,  Michael  Foster,  August  Weismann, 
and  many  others,  believe  that  such  **  intermediate  units 
must  exist,  whether  or  not  the  microscope  revojils  them 
to  view.  Weismann,  who  has  moat  fully  elaborated  a 
hypothetical  scheme  of  the  relations  of  the  intracellular 
units,  identifies  the  larger  of  these  units  not  with  the 
ordinary  granules  of  the  cell,  but  with  a  remarkable 
structui'e  called  chromatin,  which  becomes  aggregated 
within  the  cell  nucleus  at  the  time  of  cellular  division— 
a  structure  which  divides  into  definite  parts,  and  goes 
through  some  most  suggestive  man^tivres  in  the 
process  of  cell  nui I tt plication.  AH  these  are  puzzling 
fitructures;  and  there  is  another  minute  body  within 
the  cell,  called  the  centrosonie,  that  is  ([uito  as  mucli 
so.  Thiis  structure,  discovered  by  Van  Bene<len.  has 
been  regarded  as  essential  to  cell  division,  yet  some 
recent  botanical  studies  seem  to  show  that  Bometiraes 
it  is  altogether  wanting  in  a  dividing  cell. 

In  a  word,  the  architecture  of  the  cell  has  been  shown 
>y  mfxlern  researches  to  l>e  wonderfully  complicated,  but 
the  accumulating  researches  are  just  at  a  |X)int  where 
much  is  obscure  about  many  of  the  observed  phenomena. 
The  immediate  future  seems  full  of  promise  of  advances 
upon  present  understanding  of  cell  processes.  But  for 
the  moment  it  remains  for  us,  as  for  preceding  genera- 
tions, about  the  most  in  comprehensible,  scientifically 
speaking*  of  ivbserved  plMUt^rnnna,  that  a  single  micro- 
SCOpio  egg  cell  should  contain  u-ithin  its  substanoe  all 
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the  potentialities  of  a  highly  differentiated  adult  being. 
The  fact  that  it  does  contain  snch  potentialities  is  the 
most  familiar  of  every-day  biological  observations,  bat 
not  even  a  proximal  explanation  of  the  fact  is  as  yet 
attainable. 

Turning  from  the  cell  as  an  individual  to  the  matare 
organism  which  the  cell  composes  when  aggregated 
with  its  fellows,  one  finds  the  usual  complement  of  open 
questions,  of  greater  or  less  significance,  focalizing  the 
attention  of  working  biologists.  Thus  the  evolutionist, 
secure  as  is  his  general  position,  is  yet  in  doubt  when 
it  comes  to  tracing  the  exact  lineage  of  various  forms, 
lie  does  not  know,  for  example,  exactly  which  order 
of  invertebrates  contains  the  type  from  which  verte- 
brates s[)rang,  though  several  hotly  contested  opin- 
ions, each  exclusive  of  tlie  rest,  are  in  the  field.  Again, 
there  is  like  uncertainty  and  difference  of  opinion 
as  to  just  which  order  of  lower  vertebrates  formed 
the  direct  ancestry  of  the  mammals.  Among  the  mam- 
mals  themselves  there  are  several  ortlers,  such  as  the 
whales,  the  elephants,  and  even  man  himself,  whose  ex- 
act lines  of  more  immediate  ancestry  are  not  as  fully 
revealed  by  present  paleontology  as  is  to  be  fully 
desired. 

All  these,  however,  are  details  that  hardly  take  rank 
with  the  general  problems  that  we  are  noticing.  There 
are  other  questions,  however,  concerning  the  history 
and  present  evolution  of  man  himself,  that  are  of  wider 
scope,  or  at  least  of  seemingly  greater  importance  from 
a  human  stand-|X)int,  which  within  recent  decades  have 
come  for  the  first  time  within  the  scope  of  truly  induc- 
tive science.  These  are  the  problems  of  anthropology 
— a  science  of  such  wide  scope,  such  far-reaching  col- 
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lateral  implications,  that  as  yet  its  specific  field  and 
functions  are  not  as  clearly  defined  or  as  generally  rec- 
ognized as  they  are  probably  destined  to  be  in  the  near 
future.  The  province  of  this  new  science  is  to  correlate 
the  discoveries  of  a  wide  range  of  collateral  sciences — 
paleontology,  biology,  medicine,  and  so  on — from  the 
point  of  view  of  human  history  and  human  welfare. 
To  this  end  all  observable  races  of  men  are  studied  as 
to  their  physical  characteristics,  their  mental  and  moral 
traits,  their  manners,  customs,  languages,  and  religions. 
A  mass  of  data  is  already  at  hand,  and  in  process  of 
sorting  and  correlating.  Out  of  this  effort  will  probably 
come  all  manner  of  useful  generalizations,  perhaps  in 
time  bringing  sociology,  or  the  study  of  human  social 
relations,  to  the  rank  of  a  veritable  science.  But  great 
as  is  the  promise  of  anthropology,  it  can  hardly  be  de- 
nied that  the  broader  questions  with  which  it  has  to 
deal — questions  of  race,  of  government,  of  social  evolu- 
tion— are  still  this  side  the  fixed  plane  of  assured  gener- 
alization. No  small  part  of  its  interest  and  importance 
depends  upon  the  fact  that  the  great  problems  that 
engage  it  are  as  yet  unsolved  problems.  In  a  word, 
anthropology  is  perhaps  the  most  important  science  in 
the  hierarchy  to-day  exactly  because  it  is  an  immature 
science.  Its  position  to-day  is  perhaps  not  unlike  that 
of  paleontology  at  the  close  of  the  eighteenth  century. 
May  its  promise  find  as  full  fruition ! 


INDEX 


Aaams^  John,   1^19  determhrntion   of 

the  e3iiic(.  Incntitm  of  Nfptuiie,  48  ; 

tMjrret;Ew  Lmiplafe  Jit  I'erervtJee-  to  the 

fnOoH^j^  acctlei'Htioti,  Gl, 
Adrtin*^  PTofc^sor,  Ills   iiiTealigHtiOM 

of  mt'twir  ^hrjwcrat,  &tf, 
Aeiiiil    cnrreiits,    their    ulnsslficatJoti 

Aiiil  ihe  U»a  goTeniing  ihem,  182- 

Aernliies,  stti'ty  of  tlteii*  origijj  and 
charncier,  157-l(il 

A|^a«iitx,  Jean  btiuia  Rodolphe,  His 
b»*\i'it  In  tljie  dpcctAUcreiiliou  hv- 
poihtisis,  105;  III**  rtdi'ix'Jicv  ami  fs 
Ublistiinent  of  the  glaolnl  thwry, 
1:H-1S6-  oh  the  reception  of  nci- 
eiuUk-  Inilh,  IftS, 

Alil'tertf  Ji-nii  L^Miia,  mjikeit  known 
Uie  cause  iiitd  tiire  of  the  iU'h,  3*!i2. 

Alpha  OejiUtJTl,  its  iH>mpfinitlTi*  dU- 
titntfe  from  tht*  en  it  It,  ti(5, 

AmSet,  Clitirniimi  Bittti^ta,  Ida  luvt'ii- 
tioti  of  thtf  nifleetiiig  luicruHrnpt', 
3'J7,  Z'lH. 

Ampin*,  Andri  Murie,  esUbJislies  the 
coJittretiuii  of  mAi;!)^!^^!  nnd  eh^- 
tvidiv,  2<'l7 ;  cunAnii^  th*'  Htojttiti 
tJifory  of  Avo|»7n)ft>,  Sfi8 ;  diHci»vpr« 
the  propcrtk*H  of  mninioniuiTi.  ^47. 

Aiiir«lhcsia,  dlsfoiver^  of  the  iuciIicmI 
of,  Hrtfi-a7ft. 

Aimtoiiiyi  ct^liteenlli -wntiiry  prog- 
ret*  iti  till'  -■  '^.(\,  Sf^  Antit- 
omf  aliil  Y 

AiiAtomy  Hti'l  ,  ;  .  -.v,  t'lelr  prag- 
trf^H  hi  lh*i  (»imai«<^nlh  tviiimy. 
321-8ft3;  Ciivici's  cUwififsituiii  of 
ihn  fttilmni  kint^lom  mid  hb^'ltw 
of  cfk-t»itJimiihni/'  3'il,  Maid;  Hi- 
viitl'n  geUvruh/Jitiiit)  iif  ihe  Jiutiid) 

4 


(ifj^ns,  322,  S2a ;  and  hie  dirUlon 
of  nil  niumnl  i^truetui^a  into  tts- 
sues,  3^1 ;  iinpraveiiiieiita  in  inicro- 
tst;<jpe»  rtiid  leiisea,  «nd  the  in  yen- 
tiutt  4»f  tlm  eDiupriitiid  tnicroACope, 
3tH-328  ;  rise  of  hiitologi-  and  iia 
trhimphSp  ii28-3:i)5 ;  eitikbU^hirioiit 
ftiid  development  of  the  cell  theory, 
83fl-a4ti;  iuvestif^ftiions  of  ihe  pRic- 
Assfts  of  digestion  Atid  resphiitioa 
and  of  the  functions  of  the  hnwian 
orgAiii^^  B46-3Q3. 

AftUirftf,  di^tN»vcr?  of  Its  cauae  nod 
remedy,  3 SO,  88 1,  3S7-SB9. 

Anthrnpfjiogr,  it»  fiir-re*idiiiig  poe* 
eibilities  nnd  Its  img<j|ve<l  prob- 
l*m!i,  Ifift,  4fi7. 

Afili-cvfhme,  deseriptiotii  (if,  IW, 

Antitjeftsirt,  the  dheor/  tind  pr*icticc 
of,  382-386. 

Ariiitujiiii«,  U^  diacovery  nnd  appU* 
ention,  3!J0-3fl2. 

AntUtnuiO'Widds,  thdr  cuusc  mid 
effects,    178,   180.   IM. 

ktHf^o^  Doiiiiiikfin?  Frjtn(?oi»,  his  pto- 
i>i^L<r  work  hi  t'eV^thil  plmlo^rHphy, 
Iff  ;f  ltjtni|iimiH  Kt'caiierB  uiidnlntory 
theory  nf  light  ntid  the  fend  which 
hij<  ivdvocflcy  eiiKeiidered,  2(J!i-a(>4, 
22fl  ;  diattivcr?  tlint  magneto  miivh« 
prm!uct«i  hyeleetriciti  itidiictioTi,20S, 

xltrrtiiruB,  iia  cuiitptimtive  hnghtiie^a, 

Aslnoidi*,  Ihoir  dilwjrtTery  and  tUeo- 
rie*  rcpftrdinp,  44-49. 

AMtruiioiiiy,  iu  ttcvelopineitl  during 
the  t«ighli'«enih  ^H'rjtury.  fl-17;  th«? 
*'  iiehiilnr  hyiKithrsk,'*  Us  iiniplifi- 
Crtthm  ftnd  completion,  |U^17;  prog- 
ima    of     the    (Jcifiiee   ihiriug    the 


INDEX 


nineteenth  century,  44-87;  dis- 
ooTery  of  Cerea,  by  Piazzi,  44 ;  of 
PalUa  and  Vesu,  by  Oibera,  44, 
47 ;  and  of  Juno,  by  Harding,  47 ; 
Uencke*8  discovery  of  a  fifth  as- 
teroid is  followed  by  a  thorough 
investigation  of  the  asteroidal  sys- 
tem, 47;  how  the  asteroids  are 
accounted  for,  47.  48 ;  discovery  of 
Neptune,  predicated  by  Beaael  and 
Leverrier,  is  accomplished  by  Dr. 
Galle,  48,  49  ;  Leverrier's  predica- 
tion of  a  trans-Neptunian  planet, 
49;  discovery  of  the  moons  of 
Mars  by  Professor  Hall,  49;  dis- 
covery of  Saturn's  crape  ring,  49, 
60;  Saturn's  rings  discussed  and 
tbdr  nature  determined,  50 ;  theo- 
ries regarding  the  acceleration  of 
the  moon,  and  how  it  is  accounted 
for,  50-63  ;  spectilMtions  regarding 
c*oinets  and  the  discovery  of  tlieir 
nature  and  constituents,  63-60  ;  tlie 
study  of  double  stars  by  William 
and  John  Ilerschel  and  otliers*, 
63-65 ;  star  distance  determined, 
65-69 ;  and  star  motion,  mass,  and 
brightness  reckoned,  69,  70  ;  solar 
and  sidereal  investigations  by 
means  of  the  spectroscope,  70-76  ; 
discovery  of  "invisible"  or  dark 
stars,  74-76  ;  triumphs  of  celestial 
photography,  76-88,  285,  286; 
Lockyer's  "meteoric  hypothesis," 
83-86  ;  speculations  as  to  the  po- 
tentialities of  the  stellar  universe, 
86,  87 ;  some  unsolve<l  solar  and 
telluric  problems,  435-442. 

Atonjic  theory,  discovery  and  devel- 
opnient  of,  252-262. 

Atoms,  Boscovich's  speculations  re- 
garding, 241  ;  their  combining 
weights  determined  and  the  method 
of  expressing  them  invented,  254, 
255,  259,  260 ;  law  of  the  specific 
heat  of,  260-262  ;  establishment  of 
the  law  of  valency,  269-275  ;  their 
character  and  properties  investi- 
gated, 275-278 :  Front's  theory  of 
the  atomic  weights  and  compound 
nature  of  the  elements,  278-280, 
283-287;  some  unsolved  problems 
regarding,  447-449. 


Auenbrugger  Ton  Auenbrog,  bis  in- 
vention of  the  percussion  method 
for  studying  disease,  356. 

Aurora,  ^e,  speculations  r^arding 
cause  of,  162-167. 

Auscultation,  its  discovery  and  de- 
velopment as  an  aid  to  diagnosis, 
S66,  859. 

Avogadro,  Amadeo,  his  hypothesis  as 
to  the  numbers  of  ultimate  par- 
ticles in  volumes  of  gases,  and  his 
invention  of  the  term  "  moleoile  " 
as  the  unit  of  physical  structure, 
258,  269. 

Bactkria,  inveetigatioos  relating  to, 
879-886. 

Baer,  Karl  Ernst  von,  his  anat<Mni- 
cal  researches,  837. 

Bary,  Heinricb  Anton  de,  his  dis- 
covery of  the  identity  of  the  ani- 
mal and  vegetable  cell,  340. 

Bastian,  Henry  Charlton,  revives 
Pouchet's  theory  of  "  spontaneous 
generation,"  320. 

Beaumont,  Elie  de,  his  contention  as 
to  the  origiti  of  mountains,  130,  145. 

Behring,  Dr.,  his  discoveries  in  serum- 
therapy,  392. 

Bell,  Sir  Charles,  "his  epochal  psy- 
chological discovery,  401,  402. 

Bernard,  Claude,  his  study  of  the 
pancreas,  347  ;  his  discovery  of  the 
glycogenic  fimction  of  the  liver, 
851,  352;  his  discoveries  relating 
to  the  nervous  system,  405,  406. 

Bernoulli,  Daniel,  originator  of  the 
kinetic  theory  of  gases,  242,  243. 

Berthollet,  Claude  Louis,  aids  in 
the  development  of  a  new  chemistry, 
32;  his  theory  of  chemical  com- 
bination, 265. 

Berzelius,  Johan  Jacob,  confirms 
and  advocates  Dalton's  atomic  the- 
ory, 256,  269 ;  his  extension  of  the 
binary  theory  and  establishment  of 
theoretical  chemistry,  264,  265, 267, 
268. 

Bessel,  Friedrich  Wilhelm,  predicts 
the  existence  of  a  trans- Uranian 
planet,  48 ;  his  successful  measure- 
ment of  the  parallax  of  a  star,  66 ; 
his  discovery  of  "  invisible"  stars,  74. 


460 


INDEX 


geiieraltutttoTj  uf  Uieaniciikl  crr^iiu!)!, 
H22,  32L^:  lue  ckstilfieatiun  of  mH 

Bk«lB,  VVUhehn  vim,  his  <lthctj¥ery  <if 
tlie  comet  beuring  lii§  niiriiv,  &H  \ 
and  its  lifier  c«ieer  uml  destruc- 
tton,  r»i:^,  ^9, 

Bi»ttry  c<>njpfjsU(oii  of  »H  fliemicvtt 
ftHitpcrtiiid*,  tlirary  «f,  202-265, 

likijtigyp  liii-'  [:n''^nt  adviiiicH.*^  jn  the 
ftc'iviirtr  titxtie  |io»*lble  tlirotigli 
eigliteifiiUi-c-eiihiryeKplumlluii^,  M, 
SS ;  it^  ijni^rifSB  dun  rig  the  tntie- 
Uwiith  cent u I  v.£8S-S20;  L*igbtet>ti I Ih 
ceiiuiiy  theoiit*^  of  urgniik  eviAa- 
Uoij,   28!^-2y3 ;    biiiiaHk*:^    theory 


ftK*  tction  «ncl  functlorii  of,  414, 

415.      &«■  P*n;btj)og», 
Bif4k!!im*^  tHjiiK'iiiry  lUtHiry,  ftl,  fid. 
Brt: Water,  Sir  Da^MJ,  rt<f<iWfi  pi  KC«sept 

thtf  theory  of  tliie  coinieiriiuon   tiT 

proi'einent  uf  lfiij»fs.  H'ih,  326. 
I  Ur<K.<iit  Prtiil.  hi^  rJistiivi-ry  of  ct>rcbni1 

UK*m\t/M\*n},  4iy,  4'ii. 
I  llititlitr,  Sir  Benjiimiii,  hi>  utitjiiicly  pre- 

I  iJnotigitlHi-t^  Alei»!idn',  Ktiw  lie  ae- 
ttiijijtt*ij  for  the  btJwUkrs  on  tli* 
Jiirn,  ]  ;M  ;  Im  aiiuiy  of  strut* 
ft  run  11(1  Fat-ifl,  1S8. 
littmffrffteridtg,  or  t^tatmthfnm,  Uteif 
liiitf  tif  <|tfft|*uii^  121. 


of    ilie   tniMftHmUliun    of   Bp*"ciefl, ;  Bniwn,  liolj«rt.  hiBdWovery  of  (Wnw- 


Stf.'t-'iyT;  riivkr*!!  liiL'iJiy  of  («|?L>du.l 


cpwtioii  find  fixity  of  ^nitecie^  2fl7-    ftrowii  fteipjjii-d,  Clinrles  E*luuiirdj  his 


3')i ;  OiieTi'fl  theory  of  "afjoiilni' 
tMsuita  gent-rAtioii  "  And  of  evotutjuri 
iif  speLieM,  2»8,  320;  DttrifHii'a 
thr«ry  of  th''  origin  of  cp^dei  by 
nutuml  Bchfrioh,  or  ihc  "pwrvivi,! 

itf  Ilie  fitU'Kt,"  .'-HJ'J-HKl;  triumph 
of  DtirwinN  (henry  nnd  how  U  iia» 
eCtcted,  XliJ-ai"';  iheorlcfl  rt'i^nj- 
ing  th*j  **tn*i(5in  of  the  fitUrst/* 
3|?'319;  cfin^idemlhui  of  tliP  ui?3it 
step  in  or^anie  t*volutt*tn,  32t>- 

Blot,  Jenn  Biipii*te,  his  invest igiition 
of  Ihy  I/Aig!*?  aerffiUe,  laS;  op- 
puteii  the  undulat^M  V  llieorj  of  lights 
aoa,  233. 

fibck^  JoflH?ph,  dtfcoTerer  of  lAtciit 
hi^ttt,  84,  171 » 

Bhtod^    th«4,    ili»coTCm<ii    reT>«tiii^    tn^ 

^'i*jf,  3154.  sao. 

Ucicrhiuiv4.\    llcriTianiii,   hi»  thcforj  of 

iJh-  r»i*|iJmtory  function,  8tf, 
Biiilhtn),  Dr ,  hiii«  ri'jtieardhee  it)  e<>te* 

hrjit  phy-iiibj«y^  41». 
Bob  RovmotMl,  Kniil   dti,  lii*  pftycho- 

liliyj^iotoj^Jcnl  re.icnfyht'*,  4*18. 
liornl.   WlJhdni  i'.,    hifl    dia(?overj'    f>f 

S*ittjrij'B  hifjfr  ring,  19, 
Ho'iwiviph,    Riigjiitfro    {iiufi<»ppe^    hta 

pp<H'ii1t«tirK)  Hx  to  ttit^  iilruiiiiliT -(H^n* 

•t  J  tuition  of  ntiittcr,  241. 
Bri»l-i,    Jiintc*,    hM    Inveatigalion    of 

hyfiiitillfiirt,  41  A, 
Brniii,  t|i«,  OiUiinii'*  ounooptiou    of 


clcu-  of  the  vofetrtblc  c*tll,  HMO,  3H1, 


It-rri,  40B. 
Bruno,  ffiordnnr),    believed   Bome  of 

the  p]ui)ei>^  iiihabhed,   12;  li'uriieU. 

at  ibc  stiiku  for  tvarhiitff  tliut  our 

emith  i.H  not  the  centre  of  the  uiii- 

reipse.  1*. 
Bueh,  LropolJ  von,  hia  coneeplion  of 

lite  ongiii  of  ivumninifin  nitd  of  lite 

orintk  bowhii^r^  u(i  the  JurA,  IJtO; 

diPHi.>fils  from  thedocirhtif  of  trpecinl 

t»tvation,  3<<L 
Biieklnnd,  WilhnTii,   hia  di«wmi¥eiir  of 

inflow  bones  At  Kirkdiik,  Yorkabire, 

iind  hia  dedtit'lioi)i<k  Iherefroni^  Bfl ; 

liow  be  !iccount«iJ  for  (he  iKiwlJers 

nti  till;  Jnrii,  ]3I ;  adopts tbeglKdn I 

ihoory,  1S5. 

clt'n'),    hi>*  **jtrly   mlvtir'iit.'y  «*f    the 
tb«H>ry  of  trnn»tniitiitio()  of  4(i«(!iea, 

2tM,  %n,  sta 

Ilunflitn,  Ri>b«rt  Wilbcbn,  with  the 
««jiLHLini*e  of  Kifchhoff,  p«rf«ciii  llie 

Biirnh«»n,  S,  W.,  biN  enthitNittfilio 
M'lirch  for  donbie*  ftt»r!*,  Bft. 

BiitftihU,  Profosiior,  \m  theofjrof  ecU 
formnlhin,  4S4. 


(%H4M^l1<i,     P»*ilttl«    Jk*?i     tjr.liltflK,     hlM 

cMK'eption  of  tht?  motion  nnd  fitne* 
tioii«  of  the  bmiut  414^  4 1&. 


4$l 


INDEX 


GuMt^Sftdt,  dtfloorvn  thst  hmt  and  i 
aediaxuckl  vork  are  tDOiaallj  oon-  | 
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its  first  use  in  signalling,  207. 
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tigation of  the  processes  of,  375- 
880. 

Ferrel,  William,  his  rediscovery  of 
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gations of  the  phenomena  of  light, 
200-204,  226. 

Fritsch,  Gustav,  bis  researches  relat- 
ing to  brain  localization,  420. 
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27,28. 
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Gauss,  Karl  Friedrick,  his  first  test 
of  the  electric  telegraph,  207. 
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eighteenth  century,  17-19 ;  Hutton 
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Smith's  first  geological  map  of 
England,  90 ;  progress  of  the  sci- 
ence during  the  nineteenth  century, 
123-166;  controversy  between  the 
Neptunists  and  tlie  Plutonists  re- 
garding terrestrial  phenomena,  and 
the  establishment  of  the  tlieory  of 
the  latter,  123-126;  discussion  re- 
garding the  changes  in  land  sur- 
faces, whether  cataclysmic  or 
gradual,  126-130;  establishment 
of  the  glacial  theory,  180-136; 
study  of  the  earth's  strata,  and 
their  classification,  136-146 ;  con- 
sideration of  the  evidence  which 
shows  the  age  and  growth  of  moun- 
tains and  continents,  146-160 ;  evi. 
dences  of  thej^lacial  epoch,  160, 
168;  reasons  for  believing  in  the 
gradual  diminution  of  changes  in 
the  surface  of  the  earth  owing  to 
its  refrigeration,  163-166. 

Gerhardt,  Charles  Fi6d6ric,  working  in 
the  field  of  organic  chemistry,  266- 
268  ;  revives  Avogadro^s  law,  269. 

Gerlach*s  histological  scheme  of  the 
brain,  428. 

Germ  theory,  Pasteur's  and  Tyndall's 
advocacy  of,  320,  386. 

Gill,  David,  photographs  a  comet,  79. 

Glacial  theory,  the  establishment  of, 
180-136;  the  work  of  the  ice-sheet 
in  New  England,  160. 

Goethe,  Johann  Wolfgang  von,  his 
doctrine  of  the  metamorphoses  of 
parts,  36,  102,  288-291. 

Golf(i,  Camille,  his  method  of  stain- 
ing nerve  cells  and  their  processes, 
429,  430. 

Gravitation,  its  cause  an  unsolved 
problem,  443-446. 

Gray,  Asa,  an  ardent  propagandist  of 
the  Darwinian  theory,  313. 

Gulf  Stream,  the,  speculations  as  to 
its  effect  on  climate,  178-181,  182. 

Hadlet,  John,  his  explanation  of  the 

trade- winds,  178. 
Haeckel,  Ernst  lleinrich,  an  entbusi- 
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astio  advocate  of  the  Darwinian 
theory,  31»,  414;  favors  the  La- 
iiiiiivkiau  tlu'oi-v  «»r  ilie  origin  uf 
f:iTf>re«i  jipt'i'irs.  'MS. 

llahneiuunii,  Christian  Saiituei  Fried- 
rich,  his  bvher  in  tiie  pix'valence 
of  tlie  itch,  '661. 

Hall,  Asuph,  hi:*  discovery  of  the 
niiN>us  of  Mar:*,  49. 

Hall,  Mursliall,  his  services  in  the 
{tnictico  of  liicdioino,  859,  800 ;  his 
iin|K)ri:iiii  psxcholugical  discoverv, 
4n«,  4«J4. 

Ilaller,  Albrecht  von,  his  idea  of  the 
fiiiK-cion  of  rvspiration,  39. 

Harding,  uf  Lilienthul,  his  discovery 
of  Juno,  47. 

Hartley,  David,  )iis  as.-iuciaiional  the- 
ory of  psychology,  414. 

Heut,  how  n'gardcii  in  the  eightecntli 
cencury,  24;  Thompson's  vibratory 
theory  of,  'J*'*,  27;  the  invrstipition 
of,  hflps  to  solve  ili«.'  prolilciu  of 
«'va{Hir;itloii  an<l  |)ii>ci|>itation.  171  ; 
Huniliolilt's  sliidy  of  its  di.>itiiliu- 
tion  nil  thi*  siiilaoo  of  the  frlohe, 
175-177;  (li^eovi'iy  of  its  natme 
ami  properties,  2'J2-2'J4  ;  tlie  souioe 
«»f  iiiiiinal  heat  diseovereil,  .'UH. 

Heideniiaiii,  Rudolf,  hi-:  experi- 
iiieiit-i  in  hvpnotir^iii,  41.">,  410. 

Hcliidioli/,  liertnann  Luiiwi>{  tVrdi- 
nand  voij,  his  theory  as  to  the  dis- 
ci«"[>aiioy  bi'twerii  tlie  motion  of 
the  earth  aii<l  the  :ii(M)n,  51  ;  his 
theory  of  solar  en«'riry.  7-1.  4:i7; 
his  share  in  the  <liseovery  of  the 
doetrliie  of  tin'  eotist-rvatioii  of 
enei^ry,  211,  217.  221,  225.  4:{7; 
hi-jeleetro-uiaiinelio  theory  (►f  H.^ht, 
227,  228;  his  calculations  to  pmve 
the  voiti'X  theijrv  of  atoms.  2'.iS\ 
opt>oses  the  vitalistie  eniu'cption  of 
fermentation,  .*i7'.» ;  his  researches 
and  discoveries  in  psvcho-phvsics, 
4o7-4(V.». 

Hcmlve,  an  amaleur  astron«>m<'r,  dis- 
(■  )vei"S  a  fifth  asteroid,  47. 

Iletiderson,  Thomas,  .Astronomer  Roy- 
al of  Scotland,  the  first  to  snecess- 
fnlly  nu'a^nre  a  star's  parallax,  «iH 

llenle,  Frio»lrich  (Jnstav  .lakob,  his 
anatomical    re:fearches,    8:^2    8^0, 


352 ;  hi.«  stiidv  of  the 
teiii,  4U4. 

Herbart,  Johann    Friedrich, 
of  mathematical  psychology,  407. 

Hersehcl,  Caroliiie,  aidiog  Willian  ii 
his  inveaiigatioiid,  6,  7. 

Herschel,    8ir    John,    his    study  tl 

double  stars,  63,  64,  66  ;  refiuM  t» 

accept  the  doctrine  of  thecooacm- 

I      tion  of  ener}r.v,  218;  his  lniprofc> 

ment  of  the  m'ioroaco|ie.  326,  S27. 

Herschul,  Sir  William,  hia  improve- 
ment of  the  telescope  and  to 
astruuomical  ducoveries,  5  -  11, 
226;  his  nebular  hypothesis,  1^ 
16 ;  his  tlieory  uf  the  asteroids,  47; 
his  study  of  double  stars  and  dis- 
covery of  their  relative  change  of 
positions,  63,  6ft ;  his  nnsucc^sfol 
efforts  to  solve  the  problem  of  star 
distance,  65 ;  his  study  of  son- 
s|)ots,  166. 

Hertx,  Heinrich,  confirms  Helmholtz's 
electro- magnetic  theory  of  light, 
227,  228. 

Hiiirichs,  (Jiu.«Jtuv,  his  investigations 
confirm  the  **  law  of  octaves,"  2S0. 

Histology.  Se*-  Anatomy  and  Physi- 
ology ;  Psychology. 

llooke,  Robert,  his  happy  guess  as  to 
the  nature  of  light,  198. 

Hfxiker,  Sir  Joseph  Dalton,  his  aid 
sought  by  Darwin  in  the  publi- 
cation of  his  Origin  of  Speciety 
807,  809,  810;  berimes  his  con- 
vert and  disciplo,  313. 

Howard,  Edward,  his  conclusion  as  to 
aerolites.  158. 

Howar<l,  Luke,  his  clas.sification  of 
clouds  and  his  theory  of  their  for- 
tiialKUi,  ir.9.  170;  his  theory  of  dew 
formation.  17«>, 

Hii;jgins,  William,  his  spectro9e(^ic 
researches,  70,  80. 

Humboldt,  Alexander  von,  his  discov- 
eries in  terrestrial  magnetism,  167; 
his  study  of  heat  distribution  and 
its  climatic  effects,  175-177. 

Hunter,  John,  di.scovers  the  processes 
of  digestion,  89,  847. 

Hut  ton,  James,  his  geological  inves- 
tisrations  and  his  TVteorif  of  the 
Earth,  19-23,  123,  129,  168;  gen- 
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mtl  mnwftMnrr  of  Ut  profHwitkin 

that  **tiM  is  kNig,*'  97.  Wt;  his 

IbUowcn  knowD  u  PlutouuK  I2o ; 

MmI  dicir  final  BacoeM  in  proving! 

Uie  igncoat  origiu  of  ruck:^,  \^; 

his  tfaflonr  of  ruH,  169.  17:2. 
Hvakgr,  TtioniM  Hetirr.  the  ieaaon  he 

draws  fnm  tlio  eridenveof  paleun- 
117,  118;  ki«  esUtuaie  uf 
»17. 
».  Christian,  originator  uf  thf 

•■dulalory   llieorr  of   H^ht,    lH«i; 

eoiiceivM  the  existence  of  the  true 

ether,  241. 
Hjmtt,  A.,  advocates  the  ilicury   of 

liamrek  as  to  the  origin  of  favoi-eil 

■fdss,  »18. 
Hjrdrogen  gay,  diMoverj  of,  81. 
HjdniplMibia,  discovery   of   iin   cure 

by  protective  VMceination,  369,  H^). 
HypDOtiiHD,  investigation  of  its  phe- 

MiBena,  415-117. 

ICBBIRO  TRRORT,  the,  discussioi)  re- 
gardiog,  130-136;  the  effeets  of 
the  iee-slieet  in  New  Englmid,  ino. 

''Imponderables,*'  the,  cif;hteeuih- 
ccntary  controversy  regarding  (lie 
nature  of,  i4-27;  "the  study  of,  in 
tba  nineteenth  centur^',  1U2-228 ; 
their  abolishment,  228.  22U. 

I&halatioD  originated  by  Davy  us  a 
'  of  medication,  3tli>. 
the,  reform  in  treatment  of, 
895-401. 

Isomerism,  discovery  of,  27-1. 

Isomorphism,  discovery  of,  2r>I. 

Itch    ('*gale  r6p<*routec"),  it'«   cause 
discovere<l.  3tVii-;i68. 


JACnoif,  Chari.rs  T.,  his  claims  to 
the  diitcov«'ry  of  the  uniesthetic 
properf ifri  of  ftli<T.  :{7.S. 

Jeiuwr,  Rilw.ti-d,  iiihI  hi.s  diMcorery  of 
Tacinnation,  42,  4  t. 

Joule,  James  l*r<'sc<)it,  dif*<f>verrt  tlif 
law  of  tlie  nieehunicitl  4*(|iiivalcnt 
of  heat,  tluf  conuM-  ••tom-  of  ilie  liiw 
of  the  c<»Mwrvation  of  ennjrv,  213, 
214,  217,  218,  221,  22»,  22.'». 


KsvT,  lMMA!«i:icL,(f>iKi'ivcK  ill**  idea  of 
the  tnnsniut4tiufi  of  i>iN-«'ie<',  291. 


Keeler,  Professor,  his  condunitms  as 
to  the  character  of  nebuhe,  88. 

Kekule.  A.,  his  investigations  lead  to 
the  establishment  of  the  law  of 
Talem7,  271. 

Kelvin.  Lord.    Set  Thi>niMn,  Williiini. 

Kinetic  theory  of  gaj^i^  inveKtigattil 
by  Ciausius'aud  llawell,  242-24.%. 

Kirchlioff,  Gusuv  KoIhti.  with  Huii. 
sen,  |)erfectft  the  siH-ctittscoiH^  and 
invents  the  method  of  S|HVtnini 
analvtfi.'*,  7i>,  288. 

Kirkdale,  Yorkiihire,  KngUnd,  dis- 
i-overv  of  fosnil  boue«  in  cave  at, 
95. 

Kirwan,  Richard,  calcuhites  empiri- 
cally the  tem}H"atures  of  all  lati- 
tude.>s  175. 

Kitasato,  Dr.,  a  Itader  in  the  develop- 
ment of  serum  theiMpy.  892. 

Koi'h,  RolM>rt,  his  iMieteriul  investi- 
gations, 881. 

Kiilliker,  Rudolf  AllK^it,  confiinm  tliv 
tlieory  of  isolated  nerve  cells,  481. 

Laknnkc,  RKNKTiikorniLK  Hvacintiik, 
discovers  and  pructises  the  uusciii- 
tation  metluMi  in  dia<:nosiiig  dis- 
eased of  the  heart  und  lungs,  85(>, 
859. 

I^grange,  Joseph  Iioui«,  systenuitixes 
Newton's  lir|Mithesis  of  universal 
griivitutiun,  15;  accounts  for  the 
accelerated  motion  of  the  nuM^n,  50. 

Lninarck,  Jean  liaptiste,  opposes  the 
theory  of  s|)ecial  neation,  I()8;  his 
theory  of  the  trunsmutution  of 
S{)ecies,  298-2!»7  ;  his  (^election  of 
the  word  "  biology  "  to  express  the 
seionee  of  living  thmgs,  298. 

I^ngley,  Ssiinuel  rier|K»nt,  speclro- 
siHipic  n>searehes  of,  7». 

I^aplace,  Pierre  SiuMin  de,  solves  the 
|iroljlenis  of  universal  gravitation, 
15;  completes  Herschers  nebular 
hy]M>i)ieHis,  15,  lA;  his  tlieory  of 
Siiturn's  rings,  50;  how  he  ac- 
<f»unt<il  for  the  nuNiu's  ncceleratioii, 
50;  how  he  nc4M»unti'd  for  aerolites, 
15K;  opfMises  yrfsnel's  undulatorv 
tlieorv  of  |i|tht,  203. 

I^jirlt't,  ^Mouanl,  lii^  impfirtunt  find  ifi 
theeaven  of  I><inlfigiie,  118. 
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Latour,  Cagniard,  discovei-er  of  pep- 
sin, 847;  his  microscopical  re- 
searches, 376. 

Laurent,  Augustus,  his  work  in  or- 
ganic chemistry,  266,  268. 

Lavoisier,  Antoine  Laurent,  his  chem- 
ical experiments  and  discoveries, 
26,  31-33;  ills  tragic  fate  and  the 
triumph  of  his  doctrine:!,  88-35; 
his  experiments  on  respiration,  40. 


of  the  compound  miorosoope,  88f, 
828 ;  his  discovery  of  the  true  form 
of  red  blood  corpuscles,  329 ;  his 
discovery  and  development  of  anti- 
sepsis in  surgery,  382-386. 
Lockyer,  J.  Norman,  his  "meteoric 
hypothesis,'*  83-86;  his  endorse- 
ment of  the  theory  that  our  so- 
called  elements  have  a  compound 


nature,  286,  287 ;  his  theory  of 
"  Law  of  octaves,"  the,  its  discovery  '      solar  heal,  439. 

and  development,  280,  283.  |  Lodge,  J.  Oliver,  his  theory  of  two 

Leeuwenhoek,  Antonius  von,  his  mi- 1      ethers,  236. 

croscopical  researches,  329,  376.  I  Logun,  William  L,  his  geological  in- 
Leidy,  Joseph,  his  discoveries  of  the  '<      vestigations  in  Canada,  139. 


Tertiary  period  in  the  Rocky  Muun 
tnin  region  and  the  truth  they  teach, 
114-121;  his  investigation  of  the 
Trichina  apiralis,  363. 

Lenz,  Professor,  first  proposer  of 
gnivitJition  as  the  cause  of  oceanic 
citoiilution,  180. 

Le  Saj^e's  hyyiotlicsis  of  the  cause  of 
gravitation,  443-445. 

Leiu;kart,  Karl  (ieorjr  Friedrich  Ru- 
dolf, Ills  inv'estijjHtions  of  the 
Trichina  spiralis.  ai)8,  364. 


Long,  Crawford  W.,  his  investiga- 
tions of  the  ansesthetic  properties  of 
ether,  378.  374. 

Lotxe,  Rudolf  Hermann,  his  advocacy 
of  psycho-physiology,  409. 

Louis,  Pierre  Charles  Alexandre,  his 
introduction  of  the  "  statistical 
method  "  into  the  practice  of  med- 
icine, 360. 

Lubbock,  Sir  John  William,  advocates 
the  Darwinian  theory  of  natural 
selection,  313. 


Leverrier,    Urbain  Jean    Joseph,    his    Lvell,  Charles,  the  apostle  of  uniform- 


calculations  lead  to  the  discovery 
of  Xcptiinc,  48.49;  liis  further  cal- 
culations as  to  the  location  of  a 
hypoilietical  planet  known  as  Vnl- 
can.  4'.». 

Liebig,  Ju-^tns  von,  foremost  among 
the  workers  in  organic  chemistry, 
260,  2tiS,  274  ;  his  important  chem- 
ical researches,  346,  347;  discovers 
the  source  of  animal  heat.  849  ; 
opposes  Pasteur's  doctrine  of  fer- 
mentation. 376,  379. 

Life,  some  unsolved  problems  of  cos- 
mic and  telluric,  449-453. 

Light,  how  regarded  in  the  eighteenth 
century,  24  ;  establisljuient  of  the 
tindulatory  theory  of,  192-204,  223; 
llelmholt/'s  electro-magnetic  the- 
ory of,  227,  223. 

Liquefaction  of  air,  of  carbonic-acid 
gas,  hydrogen, and  of  other  peinia- 
nent  gases,  249;  the  question  as  to 
the  liquefaction  of  air  in  our  outer 
atmosphere,  250. 

Lister,  Sir  Joseph,  his  improvement 


itarianisra,  99-102,  125,  126,  130 
convinced  by  Darwin,  endorses  the 
transmutation  theory,  107,  108, 
313  ;  his  advocacy  of  the  glacial 
theory,  131,  132;  his  citation  of  a 
fact  from  Playfair  which  is  undis- 
puted, 153;  his  aid  sought  by 
Darwin  in  the  publication  of  his 
Oriffiu  of  Sprcien,  807,  309. 

Marrndir,  Francois,  his  services  in 
the  rational  practice  of  medicine, 
869,  360;  his  studies  of  the  ner- 
vous system,  400,  402. 

Magnetism,  its  relations  to  electricity 
discovered,  and  the  science  of  mag- 
neto-electricity founded,  207-209. 

Magneto- electricity,  Faraday  estab- 
lishes and  develops  the  science  of. 
208,  209. 

Malthus,  Thomas  Robert,  how  his 
£ssai/  OH  Population  aided  Darwin 
in  formulating  his  theory  of  the 
origin  of  species  by  natural  selec- 
tion. 30r).  306. 
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M.,  hh  description  of  «  nibe- 

IftTs,  discovery  of  \U  &even  mwns, 

Mi(r»h,  Olhidd  Chniies,  hb  discovery 
of  new  Teitinry  rtfHiCies  in  the 
RtK'ky  M«ii«taiu  regiou,  and  irbaE 
tUey  Signify,  U4-121. 

MiLsttxion,  tlie  Wdcret),  descnp^tiou  of, 
I !  U. 

Mmirjv,  MrtUliew  FoutuiuB,  liis  Ibe- 
oiT  of  liie  Gulf  Sireauj,  178-180. 

cimnicter  of  SaUru's  riiigs^  &0;  bia 
tbeoriea  tu  leferujiee  Ut  dfcu-iciu 
AUt]  iitH|;;u«iU:jin^  Miid  to  Ii^Kl  iitiU 
eI<?tftfO-iioig»Jcti(«m,  2*11;  bis  K'Sti- 
itimi)  n^  to  \h^  L'KiHU'iiLc  uf  un  ftU- 
pei  vadifii;  ptemHJi,  t'M,  2^4  j  lii^ 
JDVi^stigiUiuii  or  i1iL>  kinetic  tUeoFj 
of  giiaoH,  H'^-iii. 

K»yt«r,  JnlhiA  Hi>bert  voti,  his  slmrti 
ill  eAtiLbb^hing  tlie  iloctniie  uf  tliia 
con4«>i-vatiuti  of  energy,  2H,  3115- 
217.  23I/Ji5,  4^fi,  48«$. 

MLHliuiili  scienuu  ;  Jeuiii^r'd  eig]iteiMit1i> 
ceiiliirjr  diiscovm'  of  the  metliod  uf 
prercntiiifr  s ma ll-f^oic,  42^43  ;  jnog- 
rcsH  of  tbt!  aciciiCL- diiriu^  t\w  u'luv- 
twiuli  ceiUnry,  HM-PJi ;  diiicviv- 
ery  and  deveJofunenl  of  ]KfPi;HH!iJ())i 
•nd  miiiL'ttliKrWiri  In  tliu  diagtioKiti;; 
uf  dk«)isi\  3ft4-a6fl  [  bitirjdiiL'tion  of 
ttie  "*|jiti^tic»l  molhml,"  JWO; 
OftHaei  of  *'gnle  r^pereitt^e"  (iteb), 
of  trichinosis  ittnl  <if  fnvus  di*- 
wvemt,  80rt-Sd5;  disoovnrv  of 
inis»ih««'iii,  Sttfl-STft;  pm-ws^Ae*  of 
fermeiitHtion  and  pnirefucfioii   in- 

r«H!(pH<*i|^  a7B-;tHn;  i-iiiiKt^  nf 
cotitiij^iott  di«coirered,  3N<WfilSi : 
discovery  wnd  estnblinhnH-ui  nf 
uniifepM^  in  ^nrpLMT,  a82-:i8*i; 
t)i»rnV(^i|-y  And  dt.'¥i.Onpini'ftt  of  pro- 
IctMivi*  vjici'irmUoti  by  vihih  piv- 
]r.nv*i  ill  I  he  In  born  to  ry  iJSfi-MDO  ; 
diwcorety  mml  di'Vi-Iuptncnt  i»f  the 
Hcnim  tltPinpv  niethoi)  of  cuiing 
diicftsc,  3t»iV8tl4, 
Mvldiuni,  Mr  ,  on  did  «lfec<.H  of  san. 


''  periodic  kw,"  380,  263  ;   Im  d'» 
SiMJiHtLoti  ib^ury  of  Atonm^  448. 
"  Meteoric    bypuihejits,"    the,   of   X 

Konti^n  I^)tJk>er»  8S-86, 
SleteofUeg,  JSee  Aetolites, 
Sieieo  rol  &gj,  i  tj*  t*i  g  h  Lw  n  Ih  *  ccn  tti  ry 
Etud^niu'  views  uf  t!ie  impotidtM"- 
ftblea,  £5,  26;  ites  tiininph^  N,ud 
fHJlur^d  ill  th^  iiiiioteeiiib  cetiuiry, 
167-1  tf  I ;  fliiidy  u((d  deiL*rmiiu»liim 
of  Lhu  ort]j,iti  urtd  nntnttj  of  tmm- 
Htes,  I67-ltJ2;  ispet'uhiti<*«8  it-gutrd- 
ing  tbt!  iKtiuru  I02-1Q7;  pioUlcm 
of  dtiW  rui'iuntion  suh'rd^  und  uf 
cloint*,  I'tiJii,  atiow,  inui  bottr-fixist^ 
167-172;  sUidy  tjf  t;liin«tic  uun^ 
diiioijs,  Htid  upwublions  mej  to  tlio 
ii*tiiii>iit'trij  whkli  affect  ttn*nt,  ]73£- 
I  SB,  lyi  ;  «i«i-iiil  cuireota  inve.'*ti* 
};Hit.<d,  iitid  their  la^^  iJclcrniiin-d, 
182- lUl  ;  the  greMib^t  iHnoipii  uf 
priictiwil  nit?teorol!tg,v,  lllL 

Meteors,  iletertDitmtion  uf  tbdrorigiti 
tiud  ciianicter,  MJ,  tio. 

Meyer,  Lutlmr,  his  eotifiinintion  «f 
the  '*  kw  of  ocluve^,"  liSO, 

Mieruscop^,  tdnettwntb  -  r*? ultiry  hn- 
provemetits  in,  a24'«'i2e  ;  iho  invvn- 
titni  at  tt)«  cornpoutid  niicroiiouj>e, 
^27,  328. 

Miller,  Willium  Allen,  hi*i  spettro- 
STOpic  iiivetitiKntionF,  70, 

Mitaul'ievlli-li,  Eithwrd,  hia  di^eovcry  of 
i!<ioiiiur|ddaiiif  ]Lt\\, 

Mf.ilil,  Hiiffo  von.  hiti  di«covi?iry  of 
pr«topln*m,  SMS^  ;J3V :  bis  theory 
of  eetl  foMiiiitloii,  »4»,  »44. 

Mnlir,  Kjiri  Fri»<lrieb,  bid  sharp  in  the 
d(i4covery  nt  the  d^icirhm  of  ttie 
eotMervjtliot)  of  «iit*rgyi  SI 4,  lilft^ 
221.  a'>:>, 

Molt?e(il«^,  theories  ns  to  thdr  diS' 
Irtbdtion,  prup<iiUe*,  dimcnHniiJi, 
He.,  *i4a-25l,  3t75-27S;  ilnur  iso. 
tiitirpbottH  pniperty^  2^1  ;  cstJtbti^b- 
Mifotof  the  Inw^if  in4»l(<ctd)ir  utritut* 
11  rt',  2rtB-2*iVt,  »72-27ft;  w>roe  ntt* 
PolvL'd  ;irob1ctnfi  n!giinhiit;.44$,440. 

Mfjon^  the,  biiw  \l»  ticoeilemtitin  U  ac^ 
t^t united  r<tr,  fiO-fiS, 

Morlcnif  WIlltHni,  T.  G,  dHijonjn-tnilf* 
lUt?   practicability    ntid    benefit    of 
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Morveftu,  Guvton  de,  and  the  new 
cliemistry,  82. 

Miiller,  JohauDes,  his  diacovery  of 
ihe  resemblance  lietween  animal 
and  vegeuble  cells,  S31,  »82,  837; 
h\i  study  of  the  nervous  system, 
404 ;  his  discovery  of  the  means  of 
hardening  snd  presenring  brain 
tissues,  424. 

Murchison,  Roderick  Impey,  combats 
the  unifonniurianism  of  Lyeil,  180;  ! 
hb  classification  of  transition  rocks 
into  chronolugical  groups,  138. 

UkroLSon  BoNAPAitTK,  how  his  choice 
of  a  physician  inOtienced  the  prog- 
ress of  medical  science,  364,  355, 
860. 

Neanderthal  skutt,  its  discovery  and 
de^^cription,  1 10. 

Xt'bulje.  investijjation  of,  and  theories 
ooiK-firiiiig,  i;>-17,  79-87. 

"  Nebular  l)y^)o^ht'^i^,"  tlu',  its  con- 
cvpiion  and  cx>iiipli-tion,  i:i-17,  84. 

Nt'ptune,  how  it  was  distovcrcil,   48, 

4y. 

N«'ptuni<:ts,  theory  of  thf,  l'i:i-r25. 

Nervous  s\>teMi,  the,  di:*coveries  re- 
lating to*,  40I-407. 

Neuriuis,  tlie  theorv  of,  A'4^\  4ol. 

New  pl.otocrn.phy.  tlie,  2,  5.  284--286.  ' 

New  burg.    New  Voik,   ♦ie.'^eription    of, 
the  niastoilon  found  tlieie,  \\\K 

Newliuids.  .Tolin  A.  R.,  di.-covers  the 
*'  law  of  «K*laves,''  280. 

Newt'Mi,  Professor,  determines  the 
true  eliaracter  of  nu'teor  showers, 

Newton.  Sir  Isaac,  his  hypothesis  of 
universal  gravitation,  systematized 
by  Laplace  atid  I,:igrange,  IS  ;  pio- 
niuuu'ed  irnpioiis  and  heretical  in 
1700,  1»>;  his  Mow  at  the  super- 
natural dtaracter  of  coinoU«,  54. 


OrKAN  riRRKNTS.  speculations  as  to 
their  effects  (»u  climate,  178-182.      I 

Oersted,  Hans  Christian,  his  discovery 
of  the  deflectiMU   of  the  majruetic  | 
needle  by  electric  currents,  2(>7.        I 

Oken,  lA)renz,  liis  extensi<m  of  the 
theory  of  metamorphoses  of  parts 
to  the  animal    kingdom,  2S*J ;   his  | 
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theory  of  spontaaeovs  generation 
and  of  the  evohitiofi  of  epeciea,  S98. 

Olbera,  Heinrich  Wilhelm  JUttUas, 
his  discovery  of  Pallas,  44, 47 ;  his 
explosMD  theory  of  the  asteroidf , 
and  the  ofajevtious  to  it,  47;  hi^ 
disoovery  of  Vesta,  47 ;  teaches  the 
true  eliaracter  of  the  comet's  tail, 
54  ;  his  theory  of  aerolftei*,  168. 

Olmsted,  Deuison,  determines  the  eos- 
mical  origin  of  shooting-stara,  161. 

Origin  of  species  bv  natural  selection, 
theory  of,  802-310. 

'*  Origin  of  the  fittest,"  speculations 
regarding,  817-819. 

Owen,  Sir  Ricliard,  sustams  LyelKs 
hypothesis  of  special  creation,  105; 
his  discovery  of  the  TVichma  4^- 
ra/»,  868. 

Palkontologt,  the  work  of  its  eich- 
teenth-century  devotee?,  23 ;  the 
Ptory  of  its  progresj?  during  tlie 
nineteenth  century,  88-122;  the 
true  character  of  fopsils  first  rec<»g- 
nized  by  Da  Vinci,  88;  William 
Smith's  early  paieontological  discov- 
eries and  his  deductions  therefrom, 
89-91 ;  Cuvier's  studies  and  inves 
tigations,  which  result  in  the  estab- 
lishment of  rertebmte  paleontolofrv, 
91-94,  96;  Buckland's  Kirkdale 
discovery  and  the  contention  re- 
ganiing  it,  95 ;  other  fossil  discover- 
ies, and  the  genenil  acceptance  of 
Hutton'.**  pro{H>sition  that  "  lime  is 
long,"  95-97 ;  the  theory  of  catas- 
trophism  overthrown  and  the  doc- 
trine of  uniformitarianism  es- 
tablished, 97-102 ;  controversy 
regarding  the  thc<»ry  of  special 
creation,  102-105  ;  Darwin's  Oriffin 
of  iS/M'ru.\  and  the  general  accept- 
ance of  his  transmuution  theory, 
1<K">-109  ;  fossil  discoveries  of  FhI- 
coner,  Fuhlrott,  Schmerling,  and 
others,  which  demonstrate  the  ex- 
istence of  paleolithic  man,  109- 
114;  <liscovery  of  new  Tertiary 
specie.-^  in  the  Rocky  Mountain 
region,  and  of  vertebrate  fossils 
elsewhere,  which  prove  the  truth 
of  evolution,  114-121. 
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pHppenhehn,  Gottfried  Heinrich,  his 
ducoverj  of  the  function  of  the 
pnncreas,  S47. 

P«8tetir,  Louis,  his  services  in  the 
cause  of  orj^anic  chemistry,  266, 
274,  876 ;  refutes  Puuchet*s  theory 
of  spontuneous  generation,  820, 
886 ;  his  study  of  fermentation  and 
putrefaction,  875-880 ;  his  discov- 
ery and  establishment  of  protective 
vaodnation,  887-890. 

Peiroe,  Benjrtmin,  disproves  Laplace's 
tfieory  of  Saturn's  rings,  00. 

Penli,  Granville,  how  he  accounted 
for  the  fossil  discoveries  at  Kirk- 
dale,  95. 

Pepsin,  its  discovery,  847. 

Percussion,  its  discovery  and  develop- 
ment as  a  method  of  diagnosing 
disease,  354-856,  359. 

Perraudin,  a  chamoin-hunter  of  the 
Alps,  conceives  the  glacial  theory, 
182-184. 

Perthes,  M.  Boucher  des,  his  paleo- 
lithic discoveries  at  ▲b()evillc,  109. 

Plilogiston,  tlie  eighteenth -century 
theory  of,  29-82. 

Photography,  experiments  in,  by  Davy 
and  Wedgwood,  2 ;  its  services  in 
spectrum  analysii*,  284-286 ;  per- 
fected by  Daguerre  and  Draper, 
284,  286. 

Phrenology,  origin  of  the  system, 
899. 

Physics,  advances  made  in  the  science 
during  the  eighteenth  century,  28- 
29;  controversy  over  the  nature  of 
the  *•  imponderables,"  24-27  ;  dis- 
covery of  the  galvanic  battery  and 
its  fur- reaching  results,  27-29; 
progress  made  in  the  science  dur- 
ing the  nineteenth  century,  192- 
229;  study  of  light  and  colors,  and 
the  establish mtiut  of  the  undula* 
tory  theory,  192-2(M ;  identity  of 
galvanic  and  elect  rical  action  de- 
monstrated. 204-206;  the  link  be- 
tween magnetism  and  electricity 
discovered,  and  the  science  of  mag- 
neto-electricity founded,  207-209; 
discovery  of  the  law  of  the  conser- 
vation of  energy,  209-221 ;  discov. 
ery  of  the  nature  and  properties  of 


heat,  and  the  establishment  of  the 
science  of  thermo-dynamics,  222- 
224;  HeImholtz*s  electro-magnetic 
theory  of  light,  227,  228 ;  displace- 
ment of  the  imponderables  in  favor 
of  an  all-pervading  ether,  228, 229; 
some  unsolved  problems,  448-449. 

Physiology,  its  eighteenth  •  century 
triumphs,  39-41  ;  discoveries  in 
brain  physiology,  417-423.  See 
Anatomy  and  physiology;  Medical 
science. 

Piazzi,  Giuseppe,  his  diBcovery  of 
Ceres,  44. 

Pickering,  Edward  Charles,  his  ipec- 
troscopic  researches,  70,  78. 

Pinel,  Philippe,  his  anatomical  inres-. 
tigations,  824;  inauguitttea  in 
France  a  reform  in  the  treatment 
of  the  insane,  896-899;  opposes 
the  system  of  phrenology,  400. 

PithteanthropHH  erectus,  the  ape-man 
fossil  from  the  island  of  Java,  120. 

Play  fair,  John,  his  advocacy  of  the 
Huttonian  theory  of  the  earth,  128, 
126. 

Pleiades,  the,  facts  concerning,  64, 
80. 

Plutonists,  theory  of  the,  123-126. 

Poisson,  Simeon  Denis,  diMotivorfi  the 
cause  of  the  atmospheric  circula* 
tion,  184;  opposes  the  unduliitory 
theory  of  light,  2«8. 

Puuchet,  M.  F.  A.,  hiri  theory  of 
"  spontaneous  generation,*'  320, 

Prestwich,  Joseph,  InvcfitigatcN  tlio 
Abbeville  And  and  makes  report 
thereon,  109. 

Priestley,  Josq»h,  his  discovery  of 
oxygon,  31  ;  his  inexplicable  op|M>- 
sition  to  the  doctrines  of  Lavoisier, 
84,  35 ;  his  experiments  on  rospi* 
ration,  40. 

Protoplasm,  its  discovorv  by  Mohl 
and  Dujiinlin,  338-340.' 

Pn»n«t,  ri«MiiK  Joseph,  his  theory  of 
the  combination  of  chemical  ele- 
ments, 256,  266. 

Prout,  William,  his  theory  of  the 
compound  nature  of  the  so-called 
elements,  278-287;  his  discovery 
of  hydrochloric  acid  in  the  gastric 
juice,  847. 
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PsjdioIogT,  ezperimentalf  its  adjances 
daring  the  present  century,  395 
— 48S ;  the  reform  in  the  treatment 
of  the  insane,  395-401;  disoor- 
eries  regarding  the  nervous  sys- 
tem, 401-407;  e^Ublishment  and 
deTelopmeiit  of  psjcfao  physics, 
407-417 ;  diiiooveries  in  brain  phys- 
iology, 417-42-3  ;  establishment 
and  development  of  brain  histol* 
ogy,  423-432- 

Psvchoplivsics,  discoveries  relating 
to,  407-417. 

Putrefaction  and  fermentation,  their 
processes  investigated,  875-380. 

Rain,  theories  regarding,  and  the  de- 
termination of  its  causes,  167-172. 

Ramon  y  Cajal,  S.,  his  di.<coverie8  re- 
lating'to  nerve  cells,  480,  431,  432. 

Ramsay,  Andrew  Crombie,  how  he 
accounttMl  for  many  of  the  lake 
basins,  153. 

Rankine,  William  John  Macquom, 
his  researches  prove  the  law  of  the 
conservation  of  energy,  223,  224, 
225. 

Remak,  Professor,  his  microscopical 
researches  of  the  brain  and  nervous 
pystem,  404,  425. 

Respiration,  its  processes  investigated, 
:>9-41,  849.  350. 

Roiitgen,  Professor,  and  the  X  rav, 
1,  2,  228. 

Rosse,  Ix)r(l,  his  studies  of  nebulaD 
through  his  .<ix  f<X)t  reflector,  80. 

Rous,  Dr.,  his  services  in  tiie  cause 
of  serum-therapy,  392,  393. 

Rum  ford,  Count,  s(c  Tiionipson,  Ben- 
jamin. 

Rush,  Benjatnin,  his  reform  in  the 
treatment  of  the  insane,  395,  396. 

Rutherford,  Daniel,  his  discovery  of 
nitrogen,  34. 

Rutherford,  Lewis  Morris,  his  spec- 
troscopic researches,  70,  72. 

Saint-Hilaire,  Gkokfrot,  his  advo- 
cacy of  the  transmutation  theory, 
104;  opposes  Cuvier's  speciaUcre- 
ation  hypothesis,  and  partially  en- 
dorses the  Lamarckian  thcorv,  300, 
318. 


Sfttnm,  discoveries  relating  to,  49,  So. 

Savary,  M.,  accounts  for  the  elliptical 
orbits  of  double  surs  by  the  laws 
of  gravitation,  64. 

Scbeele,  Karl  Wilbelm,  his  discovery 
of  oxygen,  81 ;  his  physiological  ex- 
periments,  40. 

SchiaparelKf  Giovanni  Yii^inio,  his 
establUhnient  of  the  oometary 
origin  of  meteors,  59. 

Schleiden,  Matthias  Jakob,  hb  dis- 
covery of  t]ie  function  of  the  cell 
nucleus,  331,  332,  845;  his  discov- 
erv  of  so-called  free-cell  formation, 
843. 

Schmerling,  Anton  von,  his  impor- 
tant discoveries  at  Engis,  Westpha- 
lia, HI. 

Schoenlein,  J.  L.,  discovers  the  cause 
of  favu^  865. 

Schultze,  Max  Johann  Sigismund,  dis- 
covers the  identical  character  of 
vegetable  and  animal  cells,  34rK 

Schwann,  Theodor,  his  cell  theorv, 
331-336,  337,  388,  343,  345;  his 
discovery  of  pepsin,  347;  his  mi- 
croscopical researches,  376,  404. 

Scientific  problems,  some  unsolveil, 
433-457 ;  regarding  the  sun  ami 
earth,  435-442;  in  physics,  443- 
449;  of  life  and  the  evolution  of 
living  matter,  444-456  ;  of  anthro- 
pology, 456,  457. 

Scrope,  G.  Puulett,  his  work  account- 
ing for  the  origin  of  volcanoes,  124. 

Secchi,  Father  Aogelo,  his  researches 
in  spectrum  analysis,  70,  72. 

Sedgwick,  Adam,  his  classification  of 
transition  rocks  into  chronological 
groups,  138. 

Serum-therapy,  discovery  and  devel- 
opment of  the  svstem  of,  890- 
394. 

Shooting-stars,  determination  of  their 
origin,  59,  60. 

Simpson,  Sir  J.  Y.,  his  discovery  of 
chloroform  as  an  anaesthetic,  874. 

Sirius  and  its  "  invisible  "  companion, 
74,  75. 

Six,  Mr.,  his  theory  of  dew  formation, 
171. 

Small-pox,  Jenner's  discovery  of  the 
means  of  its  prevention,  42,  43. 
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Smith,  Willmm,  "  the  father  of  Eng- 
lish  geoli^y,"  his  paleontological 
discoveries  und  his  deductions 
therefrom,  89-91 ;  his  study  of 
strata  as  a  key  to  the  earth's  chro- 
nology, 137,  138. 

Sodth,  James,  aids  John  Herschel  in 
his  investigation  of  double  stars,  64. 

Spallanxani,  AbM,  discovers  the  proc- 
esses of  digestion,  39,'  347 ;  his  ex- 
periments on  respiration,  40. 

Special  creation,  discussions  relating 
to  the  hypothesis  of,  91-97,  104, 
105,  297-302. 

Spectroscope,  its  perfection  by  Kirch- 
hoff  and  Bunsen,  and  its  solar  and 
sidereal  analyses,  70»76,  283,  284 ; 
its  necromantic  power,  76;  its 
application  to  nebulae,  80. 

Spectrum  analysis,  its  remarkable  dis- 
closures, 70-76,  283-287. 

Spencer,  Herbert,  advocates  the  Dar- 
winian theory,  313,316;  favors  the 
Lamarckian  conception  of  tlie  ori- 
gin of  favored  species,  318;  his 
theoretical  study  of  psychology,  416. 

Spontaneous  generation,  Pouchet's 
hypothesis  of,  320. 

Spurzheim,  Kaspar,  advocates  phre- 
nology, 400. 

Stars,  doable  or  multiple  stars,  and 
star  clusters,  the  investigations  of 
the  nineteenth  century  relating  to, 
60-76. 

"Statistical  method,"  the,  its  intro- 
duction into  medical  practice,  860. 

Stethoscope,its  invention  and  improve- 
ment, 356,  359. 

Storm-centre,  description  of,  186, 189. 

Strove,  F.  G.  W.,  his  discovery  of 
double  stars,  64  ;  solves  the  prob- 
lem of  star  distance,  66. 

Sun,  the,  its  elements  discovered  by 
spectrum  analysis,  70-72 ;  Helm- 
holtz's  theory  of  solar  energy,  74 ; 
some  unsolved  problems  regarding, 
435-442;  estimate  as  to  its  heat- 
giving  life,  438. 

Sun-spots,  effects  of,  1 66. 

Tait,  Pctrr  Gutiirib,  his  measure- 
ment of  the  free  path  of  molecules, 
247. 


Talbot,  William  Henry  Fox,  hiB  ser- 
vices in  the  perfection  of  photog- 
raphy, 286. 

Temperature,  the,  absolute  zero  of, 
260. 

Tetanus,  the  serum  treatment  for,  892. 
Theory  of  the  Earthy  James  Hut- 
ton's,  20-23. 

Thermo-dynamics,  and  how  the  sci- 
ence originated,  223,  224. 

Thompson,  Benjamin  (Count  Rum- 
ford),  his  vibratory  theory  of  heat, 
26,  27 ;  he  proves  the  transforma- 
tion of  labor  Into  heat,  210. 

Thomson,  Thomas,  advocates  Dalton*fl 
atomic  theory,  259. 

Thomson,  William  (Lord  KelvinX  his 
estimate  of  the  earth's  longevity, 
74,  154,  441  ;  aids  Joule  in  estab* 
lishing  the  doctrine  of  the  conser- 
vation of  energv',  218-223,  225; 
his  doctrine  of  the  dissipation  of 
energy,  223,  224;  his  studies  in 
thermodynamics,  223,  224,  227; 
his  calculation  of  the  probable  den- 
sity and  rigidity  of  ether,  235 ;  his 
conception  of  the  vortex  theory  of 
atoms,  and  his  verifying  experi- 
ments, 238-240;  calculates  tlie 
dimensions  of  a  molecule,  244, 
246 ;  refuses  to  recognize  any  re- 
puUive  power  in  molecules,  246 ; 
ins  estimate  of  the  heat-giving  life 
of  the  sun,  438. 

Tttanothfres,  or  Brontotherida^  evolu- 
tion of,  121. 

Tournal,  M.,  his  discovery  of  human 
fossils  hi  the  south  of  France,  111. 

Toxine  and  antitoxine,  their  discovery 
and  introduction,  890-394. 

Trade-winds,  studv  of  their  origin 
and  effects,  177,' 178,  182. 

Transmutation  of  species,  doctrine  of, 
105-108,  293-297,  802-810,  317- 
820. 

Trevirnnns,  Gottfried  Reinhold,  his 
theory  of  the  transmutation  of 
species  piihlishetl  the  same  year  in 
which  Lamarck's  first  appeared, 
898;  foreshadows  the  cell  theory, 
336. 

TiHchina  x/>ira/M,  its  discovery,  863- 
865. 
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TricliiiMHias  character  of  the  diaeaw 
and  its  cause  discovered,  S6&-366. 

Tuke,  William,  inaugurates  reform  in 
ireatiaeiit  of  the  iuaane,  396. 

Tyudall,  John,  lii.^  advocacy  of  May- 
er*s  doctrine  of  the  conservation  of 
energy,  221,  223;  and  of  Darwin^s 
theory  of  nntunil  selection,  813; 
\m  endorsement  of  the  germ  Uie* 
ory,  320,  386. 

Ultea-oaseous  or  fourth  state  of 
matter,  Uieory  of,  247. 

Undulatory  theory  of  light,  establish- 
ment of,  192-204. 

Uniformitarianism,  Sir  Charles  Ly- 
ell's  advocacy  of  the  doctrine  of, 
99-102,  127,  181. 

Vaccination,  its  discovery  as  a  means 
of  preventing  small-pox,  42 ;  its 
application  us  a  prevent-ative  of 
other  diseases  l)y  virus  prepared  in 
the  lalK)i:it(»rv,  .*i8(»-;i90. 

Valencv.  development  of  the  law  of, 
2r,9,'275. 

Valentin,  (iahriel  Gustav,  his  study 
of  pancreas,  a 4  7. 

Van  't  Hoof,  I'rofessor,  his  cstahlish- 
nieiit  of  stereo-eheinistry,  448,  44f . 

Venet/.,  M.,  an  early  believer  in  and 
advocate  of  the  glacial  theory,  184. 

Vertebrate  paleontology,  establiah- 
nient  of,  91-97. 

Vinci,  Leonardo  da,  his  early  recojj;- 
nilion  of  the  true  character  of  fos- 
sils, 88. 

Virchow,  Rudolf,  his  demonstration 
of  Schwann's  cell  theory,  344,  1^45; 
his  researches  which  lead  to  the 
discovery  of  tridiinosis,  HiV.i,  ?>04. 

Volta,  Coinit  Alessandro,  his  inven- 
tion of  the  voltaic  pile,  27,  28. 

Vorte.x  theory  of  atotiis,  the,  e.xperi- 
inents  to  prove,  2.'it'>-24() ;  an  un- 
solved pmlilem.  44»»,  447. 

Vulcan,  a  hvpothetical  planet  located 
l)y  Levenier,  49. 

Wallack,  Alkrkd  R(is.skli.,  his  re- 
markable conception  of  the  theory 
of  natural  selection  contemporane- 
ously with  Darwin,  307-31(K 


Waller,  ProfcMor.  his  diaooTery  of 
"  tntphic  centres,"  487. 

Warix'n.  John  C,  mounted,  deficribed, 
and  give  name  to  the  mastodon 
found  at  Newhufg,  N.  Y.,  119. 

Water,  it:t  coropositiuQ  discovered,  81, 
84,268. 

Weather  bureaus,  their  principal  oc- 
cupation, 186,  191. 

Weber,  Ernst  Ueinrich,  his  experi- 
ments and  discovery  iu  psycho- 
physics,  409-112. 

Weber,  Wilhelm  £duard,  makes  a 
practical  test  of  the  electric  tele- 
graph, 207 ;  his  study  of  the  ner- 
vous system,  405. 

Wedgwood,  JmUIi,  invents  the  py- 
rometer, 24. 

Wedgwood,  Thomas,  his  experiments 
in  photography,  2,  6. 

Weismann,  August,  opposes  I^- 
marck's  theory  of  acquired  vari- 
ations in  the  origin  of  favored 
species,  318;  elaborates  a  hypo- 
thetical scheme  of  the  relation:)  of 
iniiacellular  units,  455. 

Wells,  C.  W.,  his  solution  of  the 
problem  of  dew  formation  and  of 
the  precipitation  of  viatery  vapor 
in  any  form,  170-172. 

Wells,  Horace,  the  tirst  to  administer 
an  ansesihetic  in  a  surgical  opera- 
ation,  869. 

Werner,  Abraham  Gottlob,  the  pro- 
pounder  of  the  Neptunian  theory, 
his  belief  in  the  aqueous  origin 
of  the  solids  of  the  earth's  crust, 
123;  his  belief  in  the  uniformity  of 
straki  over  thewhole  earth,  136, 137. 

Wilson,  Patrick,  his  theory  of  dew 
formation.  171. 

Witnls.     See  Aerial  currents. 

Wiihler,  Friedrlch,  his  .synthesiEation 
of  urea,  265.  266 ;  his  investigation 
substantiates  the  binary  theory  of 
Berzelius,  268 ;  his  discovery  of 
isomerism,  274 ;  his  imporUnt  ser- 
vices to  physiolojiy,  346,  347 

Wolff,  Kaspar  Frieilrich,  founder  of 
the  science  of  embryology,  86; 
foreshadows  the  cell  theory,  336. 

Wollaston,  William  Hyde,  discovers 
the  identity  of  galvanism  and  elec- 


474 


INDEX 


tridtjf  206 ;  his  obserratio'i  of 
chemical  combinations  c(Hifinn8 
Dul ton's  atomic  theory,  256,  259 ; 
his  improTement  of  lenses,  826, 
S26,  827. 

Woriman,  J.  L.,  his  fossil  lineage  of 
the  etlenutes,  121. 

Wundt,  Wilhelm  Max,  his  psycholog- 
ical discoveries,  414,  416. 

"  X  RAT,"  its  discovery,  1,  2,  228. 

YoD.NO,  Gharlks  AransTus,  his  spec- 
troscopic researches,  70. 


Voung,  Thomas,  his  establishment  of 
the  undulatory  theory  of  light,  27, 
192-204,  226;  confirms  the  identity 
of  gnlvanism  and  electricity,  206; 
practising  medicine  and  studying 
Egyptian  hieroglyphics,  806;  the 
real  discoverer  of  the  ether  281, 
232. 

ZOLLNKR,    JOHANN     KaRL    FaiCnRICH, 

his  cometary  theory,  64,  65;  his  in- 
terpretation of  the  diversities  in  tlie 
spectra  of  stars,  73. 
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